TP23 : Etude des grains de pollen 

L’étude des grains de pollens repose sur le principe d’actualisme
"Théorie postulant que les lois régissant les phénomènes géologiques actuels étaient également valables dans le passé"
in Dictionnaire de Géologie, A.Foucault et J.-F.Raoult, Masson ed.
La paléoécologie (paléo = ancien) se base fréquemment sur l'écologie des espèces actuelles pour reconstituer un paléoenvironnement. Par exemple, la découverte de Pollens dans une strate conduira à émettre l'hypothèse que les sédiments qui les contiennent se sont déposés dans les mêmes conditions climatiques que celles sous lesquelles le pollen est produit de nos jours.
Un tel raisonnement implique d'admettre que les espèces considérées vivent actuellement dans le même milieu que par le passé. L'hypothèse formulée doit être testée par confrontation avec les autres indices dont on dispose (minéralogiques, lithologiques...)
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On voit dans le premier graphique les anomalies de température au printemps par rapport à l’index NAO calculé et servant de référence. 
On repère les principales anomalies de température avec un positif en 1960, 1990 et 1998 puis des négatifs en 1964, 1970, 1985.

Le deuxième graphique nous montre les retards de débourrement et dans l’arrivée des migrateurs. On remarque que les retards sont corrélés avec des périodes  froides et inversement une précocité de migration et de débourrement montre une année chaude.

Il y a donc une influence directe entre le fonctionnement des organismes et le climat. L’observation du comportement du vivant peut donc permettre d’analyser les variations climatiques à court terme.



	B- Les apports de la glaciologie ( p244)
« TP24 » : Les rapports isotopiques
Les traces ( tillites, moraines, blocs erratiques) d’un ancien glacier et la datation de ces traces présentent un indice de plus sur les climats du passé. On retrace ainsi l’importance des calottes glaciaires au cours du temps et donc les climats associés grâce au principe d’actualisme. 
A noter qu’il faut aussi établir une corrélation avec la position des continents au cours du temps.

Comme de nombreux éléments sur Terre, l’oxygène existe sous la forme d’isotopes, c’est à dire un même élément mais dont le noyau atomique possède un nombre différents de neutrons. On a ainsi, pour l’oxygène, 3 isotopes : l’isotope 16 (8 protons, 8 neutrons) qui est le plus abondant, l’isotope 17 (8 protons, 9 neutrons) et l’isotope 18 (8 protons, 10 neutrons).
[bookmark: toc-Section-1]1 Le δ18O, qu’est-ce que c’est?
Le δ18O est un indicateur qui quantifie la quantité d’isotope 18 de l’oxygène par rapport à l’oxygène 16 dans un échantillon. Afin de pouvoir comparer les différentes valeurs de ce rapport, on choisit un standard qui fera office de référent universel. Ainsi, tous les rapports (18O)/(16O) seront comparés à un standard ce qui permettra ensuite de comparer les différentes valeurs entre elles.
En pratique, le δ18O est calculé à partir de la formule suivante après avoir mesuré le rapport (18O)/(16O) d’un échantillon par un spectromètre de masse :
[image: Formule du delta 18 O]
Etant donné qu’on multiplie le résultat obtenu par 1000, le δ18O s’exprime donc en ‰ (pour mille). De façon simple, le δ18O quantifie donc la quantité d’isotope 18 de l’oxygène par rapport à l’oxygène 16. Si la quantité d’isotope 18 dans l’échantillon est importante, alors le numérateur est grand et donc le δ18O est élevé. 

Beaucoup de 18O,  δ18O est élevé  

 Au contraire, s’il y a peu d’oxygène 18 dans l’échantillon, alors le numérateur est petit et le δ18O est donc faible.

[bookmark: toc-Section-2]2 Pourquoi y a-t-il des variations du δ18O?
A priori, quel que soit l’échantillon, il devrait y avoir toujours la même quantité d’oxygène 18 par rapport à l’oxygène 16 puisque dans les deux cas, il s’agit du même élément. Cependant, il existe une légère différence de masse à cause de la présence, pour l’oxygène 18 de 2 neutrons supplémentaires : l’oxygène 18 pèse donc plus lourd. Cette différence peut donc être à l’origine d’un fractionnement isotopique qu’on dit dépendant de la masse puisque du à cette différence de masse.

[bookmark: toc-Section-3]3 Qu’est-ce que le fractionnement isotopique et comment se produit-il?
Nous l’avons dit, étant donné la différence de masse entre les deux isotopes, ceux-ci ne vont pas avoir exactement la même réaction lors des processus physico-chimiques. Prenons un exemple : l’évaporation.
Si on considère un océan au-dessus duquel flottent des nuages, il y a des processus d’évaporation qui se produisent de l’océan vers les nuages et qui permettent leur formation. Etant donné que l’oxygène 18 est plus lourd que l’oxygène 16, l’oxygène 18 s’évapore moins facilement. En terme physique, il s’agit d’une différence d’énergie d’activation permettant la vaporisation. L’énergie nécessaire à la vaporisation de l’oxygène 16 (en fait de l’eau contenant de l’oxygène 16) est plus faible que celle nécessaire à la vaporisation de l’oxygène 18 puisque la molécule d’H 2 16O est plus légère que celle d‘H2 18O. Comme cette énergie de vaporisation est plus faible, pour une même température, l’énergie de vaporisation d’H2 16O sera plus souvent atteinte que celle d’H 2 18O. Les nuages seront donc plus riches en H2 16O qu’en H 2 18O donc plus riches en oxygène 16 qu’en oxygène 18. Il se produit donc lors de l’évaporation un fractionnement isotopique au profit de l’isotope léger. A l’inverse, la condensation et donc les pluies seront plus chargées en oxygène 18 qu’en oxygène 16. Ceci explique par exemple que les nuages ait un δ18O plus faible (comprendre plus négatif) que celui de l’océan puisqu’il y a moins d’oxygène 18 dans les nuages.


[bookmark: toc-Section-4]4 Pourquoi le δ18O varie-t-il avec la latitude?
Quand on regarde le trajet des nuages, ils vont globalement de l’équateur vers les pôles. Au niveau de l’équateur, ils se chargent en eau au cours de l’évaporation et l’eau des nuages a donc un δ18O plus négatif que celui de l’océan. Au fur et à mesure de leur migration vers les pôles, il va y avoir des précipitations qui vont donc appauvrir le nuage en oxygène 18 (puisque celui-ci précipite préférentiellement) : le δ18O des nuages devient donc de plus en plus faible de l’équateur vers les pôles. Le δ18O varie donc avec la latitude.




δ18O est donc faible


[bookmark: fig:La-diminution-du][image: La variation du delta 18 O en fonction de la latitude]
Figure 1 La diminution du δ18O en fonction de la latitude s’explique par le déplacement des nuages et les précipitations.


[bookmark: toc-Section-5]5 Le δ18O des glaces peut être interprété comme un paléothermomètre

[image: Figure expliquant les variations du delta 18 O en fonction de la témpérature au niveau des pôles et au niveau de l'océan et des formainifères]La figure montre que lorsque la température augmente, le δ18O des glaces augmentent et inversement, lorsque la température diminue, le δ18O diminue. Il est très important pour expliquer cela de bien comprendre la figure suivante et son explication.



δ18O est donc faible













δ18O est donc plus fort





[bookmark: fig:La-figure-majeure]Figure 3 La figure majeure pour comprendre l’utilisation du δ18O comme paléothermomètre.


1. En période froide, l’évaporation est faible. Il y a donc essentiellement du 16O qui part dans les nuages. Le rapport entre le 16O et le 18O est donc très fort : il y a beaucoup de 16O par rapport au 18O. Ainsi, le δ18O des nuages est très faible. Quand le nuage arrive aux pôles, il n’a quasiment que du 16O à précipiter, le δ18O des glaces est donc très faible 
1. En période chaude, l’évaporation est forte. Il y a donc toujours essentiellement du 16O qui part dans les nuages mais aussi du 18O (car l’énergie de vaporisation est plus facilement franchie quand il fait chaud). Donc, le nuage est plus chargé en 18O qu’en 16O pendant une période chaude que pendant une période froide. Ainsi, le δ18O du nuage en période chaude est plus élevé qu’en période froide. En arrivant au pôle, le nuage relargue du 16O mais aussi du 18O puisqu’il en contient. Ainsi, le δ18O de la glace sera donc plus élevé pendant la période chaude que pendant la période froide. Il en va de même pour le δ18O de l’atmosphère au-dessus des pôles.



En utilisant le thermomètre isotopique de Jouzel et collaborateurs, on peut donc connaître à partir du δ18O des glaces, la température qui régnait à l’époque des précipitations au-dessus des pôles. On fait l’interprétation que s’il fait plus froid aux pôles, alors il faisait plus froid sur Terre. On effectue cette mesure de δ18O sur une même carotte de glace pour être toujours à la même latitude et donc pour que notre mesure de δ18O ne renseigne bien que sur la température.
C’est ainsi qu’on obtient la fameuse courbe de variation de la température au cours du quaternaire.
[bookmark: Figure-4][image: Courbe du delta 18 O et du delta D dans la carotte GRIP du Groenland et dans la carotte de Vostok]
Figure 4 La courbe du δ18O mesurée dans une carotte de glace du Groenland (GRIP) et du δ2H ou δD dans la carotte de Vostok en Antarctique. (Le δD fonctionne de la même façon que le δ18O.)



Période Glaciaire : δ18O faible







[bookmark: toc-Section-6]6 Le δ18O des foraminifères benthiques peut être interprété comme une indication du volume des glaces

Le δ18O des foraminifères ne renseignent pas sur la valeur absolue de la température comme peut le faire le δ18O des glaces.
Les foraminifères utilisent l’oxygène présent dans l’eau environnante dans la formation de leur test carbonaté. Ainsi, le δ18O des foraminifères dépend donc d’une part du rapport oxygène 18-oxygène 16 de l’océan ainsi que de la température de ce même océan. Pour s’affranchir de la température de l’océan, on utilise les foraminifères dit benthiques qui vivent sur le fond : la température y est constante et le δ18O de ces foraminifères benthiques ne dépend donc que du δ18O des océans.
Regardons à nouveau la figure 1↑. Lorsqu’un nuage se forme, il prélève préférentiellement du 16O par rapport au 18O. Ainsi, lorsque le nuage se forme, la quantité d’oxygène 18 dans l’océan augmente et donc son δ18O aussi. Maintenant, regardons attentivement la figure 3↑. En période froide, il y a peu d’évaporation. Donc, l’essentiel de l’oxygène 18 reste dans l’océan. Donc le δ18O de l’océan augmente. Donc, celui des foraminifères benthiques augmente aussi. Au contraire, en période chaude, il y a beaucoup d’évaporation. Il y a donc un fort prélèvement par les nuages de 18O. Donc le δ18O de l’océan diminue. Donc le δ18O des foraminifères benthiques diminuent aussi.
Ainsi, le δ18O des foraminifères benthiques augmente lorsque la température diminue et le δ18O des foraminifères benthiques diminue lorsque la température augmente. Pour autant, la valeur du δ18O ne donne pas de température. Il nous dit simplement si on était en période plus chaude ou plus froide. Le δ18O des foraminifères est en fait un indicateur de la quantité de glace présente aux pôles : si la période est froide, alors il y a beaucoup de glace aux pôles et donc l’essentiel de l’oxygène 16 est stocké dans la calotte de glace des pôles. Consécutivement, l’essentiel de l’oxygène 18 est présent dans les océans : le δ18O des océans est élevé, celui des foraminifères benthiques aussi.


[image: http://eric.lacouture.free.fr/lycee/termS_spe/TermS_spe_2002/termspe_ch1_10.jpg]


[bookmark: toc-Section-7][image: http://eric.lacouture.free.fr/lycee/termS_spe/termspe_ch5_8.jpg]





7 Que retenir de tout ça?
1. Le δ18O est une mesure de la quantité d’oxygène 18 par rapport à la quantité d’oxygène 16.
1. Il existe un fractionnement isotopique entre l’oxygène 16 et l’oxygène 18 car ils n’ont pas la même masse.
1. Le fractionnement isotopique entre oxygène 16 et oxygène 18 est fonction de la température.
1. Le δ18O des glaces renseignent sur la température qu’il fait aux pôles : lorsque la température augmente, le δ18O augmente.
1. Le δ18O des foraminifères benthiques renseignent sur la quantité de glace stockée aux pôles : lorsque le δ18O augmente, cela signifie qu’il y a plus de glace aux pôles (car elle stocke l’isotope léger) et donc qu’il fait plus froid.

FIGURE POUR REPONDRE AUX DEUX COMMENTAIRES MONTRANT QUE LA TEMPERATURE EST LE FACTEUR ESSENTIEL DE VARIATION DU DELTA18O ET NON LES PRÉCIPITATIONS SAUF AU TRÈS BASSES LATITUDES
[image: http://tristan.ferroir.fr/wp-content/d18O_figure5.jpg]
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Les études sur le climat intégrent différents para-
meétres physico-chimiques (température, composi-
tion de I'atmospheére, etc.), mais elles prennent aussi
en compte d'autres variables qui sont en relation
avec la vie des organismes dans les écosystémes
(influence de la lumiére et de la température sur la
reproduction, le comportement des animaux et des
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Différentes mesures et constats sont répertoriés
dans les graphiques ci-contre.

QUESTIONS :

1. Identifiez les principales anomalies de tem-
pérature depuis 1950 et leur évolution.

2. Mettez en relation les deux graphiques afin
de déterminer si les modifications observées
ont une influence sur le fonctionnement des
organismes.
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					 Grotte Cosquer
					 U<FONT class=s2>NE GROTTE UNIQUE AU MONDE</FONT></H1>
<TABLE border=0>
  <TBODY>
  <TR>
    <TD COLSTART="1"><B>&nbsp;La Grotte Cosquer vue en coupe</B><BR>
    <IMG 
      hspace=5 src="files/cpegrte-ok.jpg" align=middle border=0 width="350" height="252"></TD>
    <TD COLSTART="2">
      <P><FONT class=s1><FONT class=s2>L</FONT><FONT class=s1>a grotte Cosquer 
      est située dans les Calanques, près de Marseille, au cap Morgiou. Elle est 
      accessible par un tunnel long de 175 mètres dont l'entrée est à 37 mètres 
      de fond.</FONT></FONT></P>
      <P><FONT class=s1>Unique au monde, cette grotte sous-marine abrite 
      plusieurs dizaines d'oeuvres peintes et gravées il y a environ 27&nbsp;000 
      et 19&nbsp;000 ans.</FONT></P></TD></TR></TBODY></TABLE>
<P></P>
<TABLE border=0>
  <TBODY>
  <TR>
    <TD>
      <P><FONT class=s1>Ornée de divers <A 
      href="http://www.culture.gouv.fr/culture/archeosm/archeosom/co-anite.htm">animaux 
      terrestres</A>, elle compte également des phoques et<BR>des <A 
      href="http://www.culture.gouv.fr/culture/archeosm/archeosom/co-ping.htm">pingouins</A>, 
      55 <A 
      href="http://www.culture.gouv.fr/culture/archeosm/archeosom/co-main.htm">mains 
      négatives</A> et d'innombrables tracés digitaux, des dizaines de signes 
      géométriques ainsi qu'une gravure exceptionnelle représentant un "homme 
      tué".</FONT></P>
      <P></P></TD></TR></TBODY></TABLE>
<P><FONT class=s1>Afin de préserver ce site exceptionnel, mais également pour 
des raisons de sécurité, son accès est fermé au public. Une représentation de la 
grotte en images de synthèse 3D a été réalisée par EDF, en 1994. </FONT></P>
<P>Direction scientifique : Jean Clottes et Jean Courtin

http://www.culture.gouv.fr/culture/paca/dossiers/cosquer/html/datas/fiches/fiche29.html
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						 5.315471534662933,43.1292380601558,0
					
				
				 
					 PR100
					 0
					 
						 5.265459478907928
						 43.16651287996159
						 0
						 26870.17278700901
						 1.244974959217196e-012
						 -0.1280165399588052
						 relativeToGround
					
					 #sn_noicon_copy500
					 
						 5.189793945738515,43.13619806483902,0
					
				
				 
					 PR90
					 0
					 
						 5.45754152516187
						 43.18419656001643
						 0
						 26870.1836378474
						 2.002275418297839e-012
						 0.003282977769280813
						 relativeToGround
					
					 #sn_noicon_copy01
					 
						 5.428391648619211,43.16572425671705,0
					
				
				 
					 PR90
					 0
					 
						 5.260956424249902
						 43.22072518011395
						 0
						 26870.16165833341
						 1.031984204257296e-012
						 -0.1311553072747908
						 relativeToGround
					
					 #sn_noicon_copy3000
					 
						 5.182899879864308,43.22229599082887,0
					
				
				 
					 PR50
					 0
					 
						 5.352562868596001
						 43.19320093781039
						 0
						 26870.18778355644
						 2.522919484099779e-012
						 -0.06842924270303791
						 relativeToGround
					
					 #sn_noicon000
					 
						 5.301455491894842,43.22224657339118,0
					
				
				 
					 PR 100
					 0
					 #msn_ylw-pushpin_copy01
					 
						 1
						 
5.240843394009062,43.1206526829686,0 5.243704569368688,43.12078862993537,0 5.247459887195703,43.12092615446411,0 5.250498889793377,43.12132328005702,0 5.253357738614782,43.12211153826972,0 5.256753488061293,43.12277012558163,0 5.260328419368221,43.12329836738826,0 5.263367249329278,43.12369506347226,0 5.26586800861422,43.12461283230911,0 5.269620554879367,43.12553255753263,0 5.272659739613644,43.12579844263055,0 5.276591121650043,43.1267181764339,0 5.27927081660566,43.12763584505533,0 5.283201580534524,43.12881631915604,0 5.285881400969231,43.1297338108715,0 5.289097760863271,43.13065200101411,0 5.29284965388652,43.13196234943341,0 5.295887380724466,43.1328800727981,0 5.298925205341433,43.1337977229158,0 5.301785260674606,43.13432353350656,0 5.304465595674202,43.13524056524926,0 5.308040249444659,43.136158658225,0 5.311079110439138,43.13681498208145,0 5.313939226879541,43.13747101264259,0 5.317336302385713,43.13799710561837,0 5.319838929954372,43.13865257610591,0 5.322877965493731,43.13943912402784,0 5.3266331995315,43.13996537582106,0 5.330389640244789,43.13996946633215,0 5.332534710299896,43.14075483379472,0 5.334502726924612,43.14062638278278,0 
					
				
				 
					 PR 100
					 0
					 #msn_ylw-pushpin_copy21
					 
						 1
						 
5.21955354394416,43.12140456008822,0 5.218298863240051,43.12218524762091,0 5.217222476169752,43.12309680922386,0 5.217395809311583,43.12453309492097,0 5.217390326241343,43.12596900081528,0 5.217386336414975,43.12701326976663,0 5.217202516153833,43.12831820704324,0 5.216661527111342,43.1294918527362,0 5.215049527205565,43.13014114396943,0 5.213261195945407,43.13013740553282,0 5.211830014425232,43.13026490064445,0 5.210219475316763,43.13052252577543,0 5.208607383818986,43.13117171205961,0 5.207353451784712,43.13169111131344,0 5.20734932654898,43.13273531241265,0 5.208418774472406,43.13365128403193,0 5.210742201856178,43.13404782522323,0 5.212710496275179,43.13379096353348,0 5.214501939944015,43.13301158149861,0 5.21646817225276,43.13327671707601,0 5.21861275236033,43.13367270102491,0 5.220040004683583,43.13458926110736,0 5.219858190950177,43.13537201899355,0 5.218246600174595,43.13589081077833,0 5.216458645563691,43.13575660487023,0 5.215203705065605,43.13653711737845,0 5.214306436384689,43.13731836380204,0 5.213766343010022,43.13823085897417,0 5.212156670594226,43.13822747724731,0 5.210546989054123,43.13822405927666,0 5.209293984730294,43.13848242507315,0 5.209289865400649,43.13952654276788,0 5.208392476908813,43.14030771685834,0 5.207316205473504,43.1410884989079,0 5.206419291549011,43.14173913018264,0 5.2049852303888,43.1425191065311,0 5.203736830131746,43.14160277451617,0 5.202124393645406,43.14225180954194,0 5.20051084401068,43.14316184359244,0 5.198897227102521,43.14407183680196,0 5.197998001080222,43.14524444536032,0 5.197456506533484,43.14641785181581,0 5.196020553336155,43.1475892383986,0 5.194765597560078,43.14823895930888,0 5.193510064161714,43.14901918197786,0 5.192076128833108,43.14966846843127,0 5.190466023476262,43.14966477225638,0 5.18849585062469,43.15018226245537,0 5.186703402246991,43.15096117204732,0 5.18491144602163,43.15160954597592,0 5.183118852559446,43.15238840780852,0 5.181861821141936,43.15342954964378,0 5.18203442559313,43.1548656199163,0 5.182028077273657,43.15630126091296,0 5.182919287734563,43.15708644417834,0 5.18237729522842,43.15825979866617,0 5.181121249561628,43.15903991807077,0 5.17933239655035,43.15890517462898,0 5.177367492286749,43.15811739205331,0 5.17629793350055,43.15720120535847,0 5.174510250952125,43.15680533675766,0 5.17289551035276,43.15771502778632,0 5.171102342200342,43.15849376352468,0 5.169488671195752,43.1591424016146,0 5.168235291596687,43.15926983410635,0 5.16644374312898,43.15965695916952,0 5.164475003639637,43.1596520518138,0 5.162327220424757,43.15964666611968,0 5.160895320026299,43.15964304660002,0 5.158926436714239,43.15963804306919,0 5.156958737213827,43.1593719594007,0 5.15534962457852,43.15897622606536,0 5.153742429556417,43.15818888501046,0 5.15231615689858,43.157010383717,0 5.150531863473034,43.15583089969952,0 5.148925320608768,43.15491290315094,0 5.146782385655372,43.1538628992368,0 5.144991568365455,43.1539886127661,0 5.141768505803626,43.15411039628854,0 5.139971503311941,43.15541088153201,0 5.138353423593472,43.15671186595017,0 5.136195370198294,43.15853354164338,0 5.135113511386805,43.15996656031545,0 5.134570112722344,43.16113997369354,0 5.134561167905218,43.16283705298596,0 5.134729946598939,43.16479570868054,0 5.135978732178401,43.16571291964789,0 5.137582173083032,43.16728379125895,0 5.139549315369777,43.16781122467366,0 5.14223677980381,43.16755726445861,0 5.144211877562711,43.16651814119264,0 5.146539601205618,43.16652424993167,0 5.149399696490733,43.16744544148011,0 5.151005152890988,43.16862439629695,0 5.15171147812589,43.17058423505686,0 5.151701525039684,43.17254227064817,0 5.151335425442383,43.17410780582978,0 5.149895557673034,43.17554010958144,0 5.148458273570725,43.17645026145606,0 5.146837668491287,43.17814323430795,0 5.14557920629008,43.17905387370406,0 5.143779908508677,43.18061589943367,0 5.141622916125499,43.1820464848297,0 5.140004406796777,43.18321738464718,0 5.139100198760872,43.18478180531048,0 
					
				
				 
					 PR 90
					 0
					 #msn_ylw-pushpin02
					 
						 1
						 
5.426342580862738,43.1741705015795,0 5.426029965075743,43.17348582547719,0 5.424621920022375,43.17337138750321,0 5.422744517368727,43.17325681658731,0 5.421023748119737,43.17279995313812,0 5.419929052174226,43.17188683279429,0 5.418521552099861,43.1708595102757,0 5.417896262278035,43.16994650791195,0 5.416801979300232,43.16846284345741,0 5.415394786350888,43.16709315590921,0 5.413830918875306,43.16617979345245,0 5.412423673720753,43.16503825737899,0 5.410390404841095,43.16435286809663,0 5.408670183867542,43.16343934328132,0 5.406636795807728,43.16298207506328,0 5.405072902987243,43.16229675529538,0 5.403039522634771,43.16183941123654,0 5.400849799859174,43.16126783180975,0 5.398346906208019,43.1610383657196,0 5.395843777735095,43.16103705827288,0 5.393653502939699,43.1610358657275,0 5.392088357813308,43.16171964918213,0 5.389897879481367,43.16183249083789,0 5.388020371007428,43.16183136602207,0 5.386299626519844,43.16148795744152,0 5.384422409761996,43.16114441882728,0 5.382857990092091,43.1609151664078,0 5.381450005325917,43.16068598296455,0 5.379416498057395,43.16011399339029,0 5.377538556487167,43.16034089956486,0 5.375973231724601,43.16079623215907,0 5.374251648837472,43.16102319491334,0 5.372217325800293,43.16102165723999,0 5.370182900253752,43.16102006303847,0 5.368148439252806,43.1610184451246,0 5.366427069928051,43.16090290983401,0 5.3654887712853,43.16033150128891,0 5.364080046933197,43.1604444330398,0 5.363139924968351,43.16124250942583,0 5.361886731555984,43.16204031986465,0 5.360946674242442,43.16272426946893,0 5.359693359490465,43.16352206177531,0 5.358596841767664,43.1640917424912,0 
					
				
				 
					 PR 90
					 0
					 #msn_ylw-pushpin_copy310
					 
						 1
						 
5.196113600940407,43.16454987278627,0 5.1943441750619,43.16454570702879,0 5.193329368668614,43.16546495314881,0 5.193322603441914,43.16712387319248,0 5.194074209338595,43.1687845726948,0 5.193057764733879,43.17007244507722,0 5.191538701373119,43.17062183023404,0 5.19052367491868,43.17154105330673,0 5.19127679960117,43.17283309436625,0 5.191019440667589,43.17393841992229,0 5.191013374167511,43.17541297677796,0 5.18899078321121,43.17540820738753,0 5.187723571995093,43.17614249676738,0 5.188729442925393,43.17743511218921,0 5.190750550544267,43.17780849432437,0 5.192772425044041,43.17799752503353,0 5.193526303208571,43.17910516017488,0 5.193521691257885,43.18021103135608,0 5.192758570646632,43.18131515048228,0 5.193510948300002,43.18279138714324,0 5.193504041149013,43.18445017978751,0 5.195270940665779,43.18519144807321,0 5.197797100909455,43.18575008260504,0 5.199056010733045,43.18704303387125,0 5.20081979774308,43.18852138163505,0 5.201569977615364,43.19055037910843,0 5.202068848115431,43.19221020530284,0 5.203326341431108,43.19387166552302,0 5.20256019419034,43.19571303461179,0 5.201292049884714,43.196631801041,0 5.199778617069185,43.19570698793504,0 5.198008483001047,43.19570309546277,0 5.196992337619008,43.19680670230363,0 5.197240585754088,43.19791308969818,0 5.19597139432409,43.19901614095802,0 5.195084044533077,43.19972108819013,0 5.193861334444151,43.20060653409961,0 5.193854719386495,43.20212904557496,0 5.194195828003515,43.20377920613176,0 5.194536853698224,43.20542938619456,0 5.194009961592826,43.20644328154643,0 5.194005490875028,43.20745832037655,0 5.192956108418471,43.20847111542393,0 5.191384190132112,43.20948278593641,0 5.189812653822116,43.21036758655922,0 5.188764133268833,43.21112664965075,0 5.187020009359642,43.21163041201781,0 5.186143225737823,43.21289742287742,0 5.186136780260242,43.2142932399687,0 5.185262240888649,43.21505271408021,0 5.185604089200141,43.21644934101507,0 5.185598734098193,43.21759143230845,0 5.184723473944416,43.21847785463555,0 5.184544459445306,43.21949268964239,0 
					
				
				 
					 PR 50
					 0
					 #msn_ylw-pushpin_copy51
					 
						 1
						 
5.319297906234965,43.21568182404521,0 5.317840952336468,43.22145487388283,0 5.319273993047631,43.22618061249671,0 5.317817498145899,43.23142912244442,0 5.312760917104711,43.23562350920584,0 5.30843440974617,43.23614355036838,0 5.304106363763097,43.23718843230855,0 5.30100145677504,43.24068782582856,0 5.298321913156557,43.24348149811952,0 5.296148369928901,43.2471540811294,0 5.29685899781056,43.25083025899375,0 5.298103194167936,43.25266418099083,0 5.297380920536639,43.25474700648515,0 5.297374293062561,43.25683064089277,0 5.297367668094509,43.25891430823665,0 5.299510103010491,43.26047923740355,0 
					
				
				 
					 Paléorivages
					 0
					 Aux alentours de la grotte Cosquer, on a montré l'existence de trois principaux paléorivages de type plage.<br/>
Le PR50 (50 mètres de profondeur) est daté à -8500 ans, le PR90 à -11700 ans et le PR100 à -13850 ans.<br/>
Le bord des canyons situés à -130 mètres qui débouchent sur des grands fonds pourraient constituer un paléorivage. Il est daté approximativement à -20000 ans.<br/>
Ces paléorivages se retrouvent en différents endroits de la Méditerranée et sur d'autres plateaux continentaux tels ceux des marges aquitaines, marocaines, ou portugaises.<br/><br/>
<body>

<p align="right">d'après J.Collina-Girard, Université d'Aix-Marseille.</p>

</body>

</html>
					 
						 5.346684963973836
						 43.18840136628931
						 0
						 26870.17361485288
						 1.87211439931248e-012
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						 relativeToGround
					
					 #msn_icon44_copy0
					 
						 5.190044528392605,43.23321852741604,0
					
				
				 
					 Profil sismique
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<head>
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<body>

<p>Sur les bords de la mer se déposent des graviers, des galets, des coquillages 
de toutes sortes qui marquent la limite entre la mer et le littoral.</p>
<p align="center">
<img border="0" src="http://pagesperso-orange.fr/cornuchristine/climats/files/Capture01.jpg" width="366" height="277"></p>
<p align="justify"><br>
Ces rivages ont aussi une morphologie particulière : les sédiments, en 
s'accumulant forment une sorte de talus qui s'agrandit à mesure que les 
sédiments se déposent.<br>
Les <b>profils sismiques</b> permettent d'identifier ces talus.</p>
<p>
<img border="0" src="http://pagesperso-orange.fr/cornuchristine/climats/files/Capture02.jpg" width="803" height="181"></p>
<p align="center"><u><b><font size="2">Exemple : Profil sismique du paléorivage 
PR100</font></b></u></p>
<p>Un carottage réalisé dans ce talus, montre une superposition, du bas vers le 
haut :</p>
<p>- de galets centimétriques, puis de sables graveleux riches en débris de 
moules ;</p>
<p>- d'éléments de plus en plus fins parmi lesquels se trouvent des oursins 
côtiers et des fragments de lamellibranches.</p>
<p>Une datation au <sup>14</sup>C, réalisée sur les coquilles de moules de la 
base de la carotte, a permis de la dater.</p>
<p>&nbsp;</p>
<body>

<p align="right">d'après BORDAS Terminale S Spécialité</p>

</body>

</html>


</body>
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<head>
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<body>
<center spry:hover="Style1">
  <strong>  Forages dans un récif  barrière de Tahiti  </strong>
</center>
<p>Ces deux forages distants de 700m ont été réalisés  à travers le platier externe du récif barrière de  Papeete. </p>
<center>
  <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reefcart.gif" alt="img1" width="443" height="300" border="0" nosave="" /></p>
</center>
<p>Les coraux fossiles qui constituent le récif ont  été datés très précisément (à  50 ans près) par la méthode de datation uranium 234/thorium  230 .  </p>
<p>Ces forages ont mis en évidence une séquence  récifale postglaciaire continue d'une épaisseur maximale  de 87m reposant en discontinuité sur une unité récifale  karstifiée du Pléistocène (voir le schéma ci-dessous).  Grâce à un environnement  globalement favorable, le récif corallien s'est développé  sans interruption depuis 14000 ans</p>
<p>&nbsp;</p>
<center>
  <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reeforag.gif" alt="img2" width="551" height="1312" border="1" nosave="" /></p>
  <center>
   <strong> <p class="Style3">Ecologie des récifs coralliens</p>
  </center></strong>
  <strong><p class="Style2">Les récifs coralliens  sont des constructions biologiques </p></strong>
  <p>   Ils sont en effet formés principalement  de squelettes calcaires sécrétés par des animaux coloniaux  (les polypes) semblables à de petites méduses et vivant en  symbiose avec des algues vertes (les zooxanthelles). Ils construisent,  à une vitesse moyenne d’un centimètre par an, leur squelette  calcaire en puisant les éléments dissous dans l’eau de mer  (essentiellement calcium, mais aussi strontium, uranium, magnésium...).  Les coraux apportent aux zooxanthelles qu'ils hébergent d'importante  quantité de dioxyde de carbone, de phosphates et d'acides aminés.  À partir de ceci, grâce à la photosynthèse,  les algues élaborent des sucres qui seront ensuite utilisés  par les coraux comme source d'énergie. Mais en utilisant ce dioxyde  de carbone, elles déplacent l’équilibre des carbonates et  facilitent ainsi la précipitation du carbonate de calcium, base  du squelette des coraux . Ainsi les zooxanthelles augmentent la production  de calcaire qui peut-être dix fois supérieure à celles  des coraux démunis d'algues. <br />
    Des algues, massives ou en croûte mince viennent  colmater les interstices situés entre les colonies de coraux, accroissant  sensiblement la solidité et la compacité de l'édifice  récifal. </p>

  <p><span class="Style4"><strong>Les coraux constructeurs de récifs  possèdent des exigences écologiques très strictes</strong> : </span></p>
  <ul>
    <li> 
      <div align="justify"><strong>La salinité : </strong>tous les coraux vivent en eau  salée et ne supportent pas les eaux trop diluées. Les coraux  s'arrêtent en effet à l'embouchure des fleuves. De plus, pendant  les périodes de fortes pluies, les coraux de surface meurent si  ces conditions défavorables à leur existence persistent trop  longtemps.</div>
    </li>
    <li> 
      <div align="justify"><strong>La température</strong> : les formes récifales  ne supportent pas des températures inférieures à 18°C  et sont donc limitées au couches superficielles des mers tropicales  ; leur température optimale de développement se situe entre  25 et 29°C.</div>
    </li>
    <li> 
      <div align="justify"><strong>Les solutés </strong>: les formes récifales recherchent  des eaux claires, riches en oxygène. Ils s'accommodent difficilement  des sédiments en suspension.</div>
    </li>
    <li> 
      <div align="justify"><strong>Le niveau d'eau</strong> : les coraux ne supportent pas l'émersion  sauf les Porites et <em>Platygyra</em> qui luttent contre la dessiccation  entre 2 marées en fabriquant un mucus. En général,  la croissance en hauteur des coraux s'arrête au niveau des basses-mers  de vives-eaux. Par ailleurs, pour profiter de leur symbiose avec les zooxanthelles,  ils doivent vivre dans une zone proche de la surface qui est éclairée  (zone photique). Ils ne se développent pas au delà de 45  m de profondeur.</div>
    </li>
  </ul>
  <p>&nbsp;</p>
  <center spry:hover="Style1" class="Style1">
   <strong> <p class="Style4">Zonation des associations algo-coralliennes    </p></strong>
  </center>
  <p class="Style4"><strong>L'édifice récifal  construit modifie les conditions du milieu</strong> </p>
  <center>
    <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reefcoup.gif" alt="img3" width="361" height="188" border="0" nosave="" /></p>
  </center>
  <p>Développé à partir d'un substrat  situé à faible profondeur, l'ensemble récifal croît  vers le haut jusqu'au voisinage immédiat du niveau de la mer, qu'il  dépasse parfois. Ce niveau étant atteint, il ne peut plus  se développer que latéralement. Toutes les parties du récif  ne sont plus soumises aux mêmes conditions de milieu : les unes sont  encore battues par les houles, d'autres ne sont baignées que par  une eau calme plus ou moins surchauffée, d'autres encore cessent  de recevoir des apports suffisants d'eau et dépérissent.  Il en résulte une diversification et une zonation comportant depuis  le large une succession de biotopes hébergeant des flores et faunes  caractéristiques. Dans le cas des atolls et des récifs barrières  on rencontre ainsi : </p>
  <ul>
    <li>
      <div align="justify"> Le glacis correspond à une pente modérée  en avant du récif, entre 30 et 50 m de profondeur, recouverte de  coraux et de débris.</div>
    </li>
    <li>
      <div align="justify"> La pente externe a une forte déclivité, elle  est soumise à un fort hydrodynamisme dans les premiers mètres  de profondeur. C’est une zone riche en coraux et algues calcaires.</div>
    </li>
    <li>
      <div align="justify"> La crête récifale ou front est l’étroite  zone de passage au platier; elle est souvent dominée par des algues  lithothamniées.</div>
    </li>
    <li>
      <div align="justify"> Le platier externe est plus horizontal, encore soumis à  un fort hydrodynamisme; les coraux y sont florissants.</div>
    </li>
    <li>
      <div align="justify"> Le platier interne peut porter des formations construites  et/ou des débris sédimentaires.</div>
    </li>
    <li>
      <div align="justify"> La pente interne a une déclivité qui raccorde  le platier au lagon; elle est plus abritée; elle comporte moins  de formations construites et elle est constituée surtout de débris  coralliens grossiers puis fins.</div>
    </li>
    <li>
      <div align="justify"> Le lagon est formé de sédiments meubles. Les  formations coralliennes se répartissent en pâtés ou  en pinacles coralliens.</div>
    </li>
  </ul>
  <center>
    <p class="Style1"><strong class="Style3">Les associations algo-coralliennes  sont caractéristiques d'un milieu particulier </strong> </p>
  </center>
  <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reefrepa.gif" alt="img5" width="598" height="587" border="0" nosave="" /> </p>
  <center>
    <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reefrep2.gif" alt="img4" width="459" height="316" border="0" nosave="" /></p>
  </center>
  <p>&nbsp;</p>
  <p align="justify">Les constructions récifales dominées par  les colonies d'acropores à branches robustes rencontrées  lors du forage peuvent croître à une vitesse maximum de 15  mm par an. Tant que le niveau marin s'élève à une  vitesse égale ou inférieure, la croissance verticale du récif  permet le maintien de sa partie supérieure proche de la surface.  Mais l'élévation brutale du niveau de la mer (ou l'affaissement  du plancher océanique) ne permet plus le développement de  ces colonies qui sont alors remplacées verticalement par des associations  algo-coralliennes capables de se développer en eaux plus profondes  (associations à acropores tabulaires ou à porites).</p>
</center>
</body>
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<body>
<center spry:hover="Style1">
  <strong>  Forages dans un récif  barrière de Tahiti  </strong>
</center>
<p>Ces deux forages distants de 700m ont été réalisés  à travers le platier externe du récif barrière de  Papeete. </p>
<center>
  <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reefcart.gif" alt="img1" width="443" height="300" border="0" nosave="" /></p>
</center>
<p>Les coraux fossiles qui constituent le récif ont  été datés très précisément (à  50 ans près) par la méthode de datation uranium 234/thorium  230 .  </p>
<p>Ces forages ont mis en évidence une séquence  récifale postglaciaire continue d'une épaisseur maximale  de 87m reposant en discontinuité sur une unité récifale  karstifiée du Pléistocène (voir le schéma ci-dessous).  Grâce à un environnement  globalement favorable, le récif corallien s'est développé  sans interruption depuis 14000 ans</p>
<p>&nbsp;</p>
<center>
  <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reeforag.gif" alt="img2" width="551" height="1312" border="1" nosave="" /></p>
  <center>
   <strong> <p class="Style3">Ecologie des récifs coralliens</p>
  </center></strong>
  <strong><p class="Style2">Les récifs coralliens  sont des constructions biologiques </p></strong>
  <p>   Ils sont en effet formés principalement  de squelettes calcaires sécrétés par des animaux coloniaux  (les polypes) semblables à de petites méduses et vivant en  symbiose avec des algues vertes (les zooxanthelles). Ils construisent,  à une vitesse moyenne d’un centimètre par an, leur squelette  calcaire en puisant les éléments dissous dans l’eau de mer  (essentiellement calcium, mais aussi strontium, uranium, magnésium...).  Les coraux apportent aux zooxanthelles qu'ils hébergent d'importante  quantité de dioxyde de carbone, de phosphates et d'acides aminés.  À partir de ceci, grâce à la photosynthèse,  les algues élaborent des sucres qui seront ensuite utilisés  par les coraux comme source d'énergie. Mais en utilisant ce dioxyde  de carbone, elles déplacent l’équilibre des carbonates et  facilitent ainsi la précipitation du carbonate de calcium, base  du squelette des coraux . Ainsi les zooxanthelles augmentent la production  de calcaire qui peut-être dix fois supérieure à celles  des coraux démunis d'algues. <br />
    Des algues, massives ou en croûte mince viennent  colmater les interstices situés entre les colonies de coraux, accroissant  sensiblement la solidité et la compacité de l'édifice  récifal. </p>

  <p><span class="Style4"><strong>Les coraux constructeurs de récifs  possèdent des exigences écologiques très strictes</strong> : </span></p>
  <ul>
    <li> 
      <div align="justify"><strong>La salinité : </strong>tous les coraux vivent en eau  salée et ne supportent pas les eaux trop diluées. Les coraux  s'arrêtent en effet à l'embouchure des fleuves. De plus, pendant  les périodes de fortes pluies, les coraux de surface meurent si  ces conditions défavorables à leur existence persistent trop  longtemps.</div>
    </li>
    <li> 
      <div align="justify"><strong>La température</strong> : les formes récifales  ne supportent pas des températures inférieures à 18°C  et sont donc limitées au couches superficielles des mers tropicales  ; leur température optimale de développement se situe entre  25 et 29°C.</div>
    </li>
    <li> 
      <div align="justify"><strong>Les solutés </strong>: les formes récifales recherchent  des eaux claires, riches en oxygène. Ils s'accommodent difficilement  des sédiments en suspension.</div>
    </li>
    <li> 
      <div align="justify"><strong>Le niveau d'eau</strong> : les coraux ne supportent pas l'émersion  sauf les Porites et <em>Platygyra</em> qui luttent contre la dessiccation  entre 2 marées en fabriquant un mucus. En général,  la croissance en hauteur des coraux s'arrête au niveau des basses-mers  de vives-eaux. Par ailleurs, pour profiter de leur symbiose avec les zooxanthelles,  ils doivent vivre dans une zone proche de la surface qui est éclairée  (zone photique). Ils ne se développent pas au delà de 45  m de profondeur.</div>
    </li>
  </ul>
  <p>&nbsp;</p>
  <center spry:hover="Style1" class="Style1">
   <strong> <p class="Style4">Zonation des associations algo-coralliennes    </p></strong>
  </center>
  <p class="Style4"><strong>L'édifice récifal  construit modifie les conditions du milieu</strong> </p>
  <center>
    <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reefcoup.gif" alt="img3" width="361" height="188" border="0" nosave="" /></p>
  </center>
  <p>Développé à partir d'un substrat  situé à faible profondeur, l'ensemble récifal croît  vers le haut jusqu'au voisinage immédiat du niveau de la mer, qu'il  dépasse parfois. Ce niveau étant atteint, il ne peut plus  se développer que latéralement. Toutes les parties du récif  ne sont plus soumises aux mêmes conditions de milieu : les unes sont  encore battues par les houles, d'autres ne sont baignées que par  une eau calme plus ou moins surchauffée, d'autres encore cessent  de recevoir des apports suffisants d'eau et dépérissent.  Il en résulte une diversification et une zonation comportant depuis  le large une succession de biotopes hébergeant des flores et faunes  caractéristiques. Dans le cas des atolls et des récifs barrières  on rencontre ainsi : </p>
  <ul>
    <li>
      <div align="justify"> Le glacis correspond à une pente modérée  en avant du récif, entre 30 et 50 m de profondeur, recouverte de  coraux et de débris.</div>
    </li>
    <li>
      <div align="justify"> La pente externe a une forte déclivité, elle  est soumise à un fort hydrodynamisme dans les premiers mètres  de profondeur. C’est une zone riche en coraux et algues calcaires.</div>
    </li>
    <li>
      <div align="justify"> La crête récifale ou front est l’étroite  zone de passage au platier; elle est souvent dominée par des algues  lithothamniées.</div>
    </li>
    <li>
      <div align="justify"> Le platier externe est plus horizontal, encore soumis à  un fort hydrodynamisme; les coraux y sont florissants.</div>
    </li>
    <li>
      <div align="justify"> Le platier interne peut porter des formations construites  et/ou des débris sédimentaires.</div>
    </li>
    <li>
      <div align="justify"> La pente interne a une déclivité qui raccorde  le platier au lagon; elle est plus abritée; elle comporte moins  de formations construites et elle est constituée surtout de débris  coralliens grossiers puis fins.</div>
    </li>
    <li>
      <div align="justify"> Le lagon est formé de sédiments meubles. Les  formations coralliennes se répartissent en pâtés ou  en pinacles coralliens.</div>
    </li>
  </ul>
  <center>
    <p class="Style1"><strong class="Style3">Les associations algo-coralliennes  sont caractéristiques d'un milieu particulier </strong> </p>
  </center>
  <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reefrepa.gif" alt="img5" width="598" height="587" border="0" nosave="" /> </p>
  <center>
    <p><img src="http://www.inrp.fr/Acces/biotic/environ/paleoclimats/images/reefrep2.gif" alt="img4" width="459" height="316" border="0" nosave="" /></p>
  </center>
  <p>&nbsp;</p>
  <p align="justify">Les constructions récifales dominées par  les colonies d'acropores à branches robustes rencontrées  lors du forage peuvent croître à une vitesse maximum de 15  mm par an. Tant que le niveau marin s'élève à une  vitesse égale ou inférieure, la croissance verticale du récif  permet le maintien de sa partie supérieure proche de la surface.  Mais l'élévation brutale du niveau de la mer (ou l'affaissement  du plancher océanique) ne permet plus le développement de  ces colonies qui sont alors remplacées verticalement par des associations  algo-coralliennes capables de se développer en eaux plus profondes  (associations à acropores tabulaires ou à porites).</p>
</center>
</body>
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			 Croix Rousse Gros caillou
			 0
			 <img src="files/bloc_0.jpg"/>
<p>Les collines de la Croix Rousse et de Fourvière, à Lyon, sont
  recouvertes par des moraines frontales rissiennes (avant dernière glaciation
  quaternaire), moraines déposées à leur terminaison par les glaciers venant
  des Alpes. Ces moraines contiennent des cailloux de toutes tailles, dont
  d'énormes blocs, nommés " blocs erratiques ". Le Gros Caillou est le plus
  célèbre bloc erratique lyonnais ; il a été dégagé et mis en valeur au début
  du 20<sup>ème</sup> siècle lors des travaux d'aménagement d'un funiculaire. Il " trône
  " maintenant dans un quartier de la Croix Rousse justement nommé " Le Gros
  Caillou".</p><p>Ce gros caillou est constitué de quartzite triasique
  métamorphique. Les affleurements de ce type de terrains les plus proches
  sont situés en haute Maurienne ou en haute Tarentaise, à plus de 175 km de
  Lyon. Ce bloc erratique a donc été déplacé par les glaciers du riss au moins
  de 175 km.</p><p>Le maximum glaciaire du Riss (- 140 000 ans) correspond à
  l'extension maximale des glaciers alpins, qui ont atteint le site de Lyon,
  sans jamais le dépasser. Lors de la dernière glaciation (le Wurm, -18 000
  ans), les glaciers alpins s'arrêtaient une vingtaine de kilomètres à l'Est
  de Lyon, juste avant l'aéroport de St Exupéry.</p>
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12.21909984069461,45.66621219784467,0 13.44852933522249,46.02543831903871,0 14.53435467775682,45.89977737432692,0 15.77851075664599,46.32506413343927,0 15.6251318406826,46.88256958874293,0 14.52542320341557,46.93728953055101,0 13.40758001893004,47.0671875869764,0 12.04082570863389,47.26476781856341,0 10.35261518527989,47.27640175731394,0 8.539822129869295,46.85673640067575,0 7.139196309915462,46.61126090303486,0 5.764733226957433,46.32384444404829,0 5.748895677354199,46.01212261324329,0 5.741843006347267,45.98587988142606,0 5.75788573951948,45.96354324053889,0 5.757272922207434,45.9419974907028,0 5.748267126985311,45.92261992239547,0 5.736749695501645,45.9017177327437,0 5.698093724346664,45.9077252901868,0 5.690384105013337,45.92995074746953,0 5.679312727434194,45.94771954270005,0 5.673561372334476,45.9646474314978,0 5.653448750304122,45.9479556279251,0 5.649613711760368,45.92383296341775,0 5.652050722665805,45.90618537689081,0 5.636327590450521,45.88341013931143,0 5.636324232272727,45.87023872749203,0 5.610168183443761,45.86231611753473,0 5.584609709298064,45.86287523508391,0 5.558955724995997,45.85962933811502,0 5.564373201230623,45.84416558379604,0 5.586748938661529,45.82978359933184,0 5.594169263316644,45.81271911958855,0 5.59372222640684,45.79318821303986,0 5.590667036859045,45.77205005632516,0 5.592811035796814,45.75200995468087,0 5.574946223385027,45.74371634358605,0 5.555591706761177,45.75803739627525,0 5.528088097680325,45.78099356783498,0 5.511479507132435,45.79907917232666,0 5.500445012708427,45.81294329632576,0 5.477758066166686,45.81763974220007,0 5.444125173477318,45.84240626803162,0 5.415983249643162,45.86314716435116,0 5.408130476510024,45.87798999017792,0 5.385349205245902,45.89550482537435,0 5.348549378028523,45.91395362376978,0 5.320075970502444,45.93286016959158,0 5.282444911893137,45.92954847912014,0 5.21079287012158,45.88789784711214,0 5.182386456207837,45.8742643736552,0 5.162626714296877,45.86058075323253,0 5.147790272895279,45.84517464229242,0 5.135423056478629,45.83491599110235,0 5.124279720504078,45.82637522554374,0 5.108204795637492,45.81955394369524,0 5.091119125176277,45.80145716677184,0 5.087397270954384,45.79374838445641,0 5.089883315659179,45.78258075710497,0 5.088663568490773,45.76713556715953,0 5.082540420872022,45.7525536380696,0 5.083859329030773,45.73967734868461,0 5.081453284969754,45.72339280995121,0 5.077782061346227,45.71140182952866,0 5.070445684988799,45.69855954364338,0 5.060527752404227,45.68742261341366,0 5.054508946622661,45.67715956702668,0 5.052175490126672,45.66005938329788,0 5.053588379724957,45.64470470840153,0 5.0562526721354,45.62596840797904,0 5.055153112995384,45.61064392182795,0 5.059912627339344,45.59265865810862,0 5.087058719855349,45.58427492503982,0 5.1340852476024,45.53246165601957,0 5.227661525234126,45.4813595783762,0 5.243920991214679,45.48114027273648,0 5.261133551044296,45.48024063605854,0 5.279539240952133,45.48261162124735,0 5.292491488999971,45.48644302013285,0 5.302023994011378,45.48696783481492,0 5.299091841014473,45.47773813197362,0 5.297518073107896,45.46586670525333,0 5.291646851415834,45.4580014825953,0 5.294133107111563,45.4506749223543,0 5.309336033004058,45.44784158917671,0 5.322050396749674,45.45167367443007,0 5.332949639434744,45.45148710762941,0 5.345292805276202,45.45198725481297,0 5.354871129581355,45.45781080872407,0 5.360755590088104,45.46633457357713,0 5.376747511622796,45.47075898736046,0 5.389229556076373,45.47256005638307,0 5.39950558299401,45.47442625652957,0 5.396626817973669,45.46715835283644,0 5.388190380713709,45.46066633030961,0 5.387061331599384,45.4553967574981,0 5.383012128196512,45.44685918633805,0 5.369614214953899,45.44305854915869,0 5.359964636011569,45.43919649695626,0 5.350422511459329,45.43732899444139,0 5.351083416911678,45.42935168090383,0 5.349907385575193,45.42206637236137,0 5.360289015293361,45.41406989291855,0 5.37763627787578,45.41599124141025,0 5.394591903030062,45.42032338200279,0 5.403959516165159,45.4227619486637,0 5.4152715732682,45.42844449383066,0 5.419214022459101,45.43434984983143,0 5.42515496411437,45.44354899082448,0 5.435592764461006,45.4473417152695,0 5.443226330544107,45.44987870091219,0 5.455656723364029,45.4517417970665,0 5.457354413550149,45.44385574682612,0 5.447693422604473,45.43794849814619,0 5.440914291264648,45.43208735386027,0 5.436053168913631,45.42687254527569,0 5.445382449790004,45.42217042740688,0 5.457502473909344,45.41861351074399,0 5.472503033433213,45.41667359081365,0 5.486552239628693,45.4164928675266,0 5.497853933714184,45.41898443080639,0 5.504838483549946,45.42658140290678,0 5.512615431061619,45.43033804048699,0 5.522941418063439,45.43088865516612,0 5.531099601998009,45.42690663611683,0 5.529290158300001,45.41879359818308,0 5.519318548249217,45.4153416260287,0 5.515455956218105,45.40940449506829,0 5.518337973829831,45.40176049493096,0 5.528768029059904,45.39743604540449,0 5.544237559428197,45.39568569907917,0 5.547373230263901,45.38941932013954,0 5.545317349416551,45.38189633235929,0 5.533100135853616,45.38129687147237,0 5.517090994852453,45.3841857568965,0 5.497208540330817,45.38444709026458,0 5.47826194594667,45.38627483919915,0 5.458369693890319,45.38524128674301,0 5.443219907782307,45.38478394992455,0 5.42598038864304,45.37833686746409,0 5.414409339704989,45.37181017314182,0 5.386486631579629,45.35813491071287,0 5.375843622590922,45.35158153949587,0 5.375552250442297,45.34286642741509,0 5.385922712524618,45.33626916250979,0 5.404909710914965,45.33176508253049,0 5.420859755264744,45.33131459934931,0 5.434987844364443,45.32978157142959,0 5.448133016517062,45.32535444106181,0 5.437569736443493,45.31940143823011,0 5.430961188737513,45.314767827387,0 5.427208692142926,45.30837087118831,0 5.418546618134357,45.30110895818369,0 5.41064901688803,45.29456523825234,0 5.401241006767279,45.29341691873089,0 5.396315574060068,45.2824822618081,0 5.388280024936023,45.27146461030645,0 5.380959343059246,45.25870066834878,0 5.383175875534633,45.24847148991358,0 5.397646951767541,45.24240091618628,0 5.410640328675769,45.24505730663265,0 5.418307071808698,45.24828416124754,0 5.423905130630232,45.24268352418908,0 5.425668165943947,45.23693620460757,0 5.425313595095773,45.2272270514216,0 5.421176364426302,45.21974609656512,0 5.431390853249795,45.21602025737384,0 5.446742445713242,45.22046900001032,0 5.460221734197504,45.22560071564229,0 5.472741689520987,45.23010874054151,0 5.479680618281861,45.23797889801559,0 5.488508003311978,45.24521875881226,0 5.500221630680983,45.25310765051308,0 5.511928396093524,45.26100572131994,0 5.525469201391275,45.26753554699421,0 5.538315089629833,45.26809929281245,0 5.552040867481239,45.26478108821494,0 5.565735302646175,45.26263717008175,0 5.576459510019348,45.26438050285888,0 5.584906645148848,45.26688644478466,0 5.580547419601786,45.25846221650417,0 5.58539285750868,45.25411188111597,0 5.594086631829185,45.2486525402872,0 5.600579520108141,45.24263330477338,0 5.607997160451234,45.23685819160412,0 5.622115075756838,45.23579573177494,0 5.625283168516631,45.22886647650096,0 5.625276649878387,45.22252628720772,0 5.616407125380945,45.21685245790174,0 5.615057963110644,45.20830992325446,0 5.615795533242803,45.20470719349359,0 5.631234983699799,45.20371886887292,0 5.643742915209359,45.20832625904943,0 5.649202203583471,45.20502653868437,0 5.642293392955267,45.19555567127978,0 5.636951124256641,45.1854973868399,0 5.639637335083748,45.17890635894287,0 5.648682108430862,45.17038516448939,0 5.64805577384216,45.16339479788095,0 5.650095776098369,45.15261189161006,0 5.642564561958636,45.14958739763585,0 5.640448004374222,45.13538770655202,0 5.642125845286515,45.12061875104769,0 5.629719307091734,45.10273845308693,0 5.627269666707165,45.07086453177178,0 5.629184465338796,45.05183078333513,0 5.639904595403891,45.0247114566184,0 6.493689270093129,44.49733677006808,0 7.57424900452348,44.49214054956364,0 7.818631706182431,45.13117277465897,0 8.284868377288575,45.79208518938457,0 9.47533732041363,45.85768057801532,0 10.8354121707176,45.60768090225003,0 12.21909984069461,45.66621219784467,0 
						
					
				
			
		
		 
			 Riss en Europe 300 000 à 100 000 ans
			 0
			 1
			 
				 Riss 300 000 à 100 000 ans
				 0
				 
					 11.50578550146192
					 47.31861853043687
					 0
					 6109211.442140543
					 0
					 6.258110984465533
					 relativeToGround
				
				 #sn_noicon1
				 
					 -2.76094035765307,47.89195107342516,0
				
			
			 
				 Riss
				 0
				 #msn_ylw-pushpin70
				 
					 1
					 
						 
							 
2.105004465854421,42.76507882708692,0 0.9760358486049797,43.08290887280067,0 -0.4745476451200119,43.28717220872544,0 -1.408049087306068,43.09685201061211,0 -1.110092879416314,42.53598842207913,0 -0.02218358072440196,42.1549812695427,0 1.03912327880154,41.99005985761377,0 1.931852315221733,42.16383223366066,0 2.105004465854421,42.76507882708692,0 
						
					
				
			
			 
				 Riss
				 0
				 #msn_ylw-pushpin81
				 
					 1
					 
						 
							 
26.98768542887309,73.35220948411612,0 25.10336831430831,73.28055558424576,0 22.48513893843045,73.43510819315793,0 20.00482913961446,73.24825845229968,0 17.2934024284551,72.56420918031836,0 14.10144096231707,71.25008146282576,0 11.68278718968716,69.3166679401142,0 9.871469994211168,67.53219743034626,0 8.214905374572894,66.05480116517774,0 6.261474572868991,64.16646856368161,0 3.909987972117819,62.86320083919598,0 1.066212071752531,62.04417796044647,0 -1.649178240228451,61.80551336199927,0 -3.346564087064508,60.61555077239086,0 -5.974899520043877,59.40756088259857,0 -7.355472067138962,57.78766597857161,0 -8.782704481121769,56.88697001424353,0 -9.836724676801637,55.96277422048621,0 -11.27148495031163,54.68029425292016,0 -11.50813047842672,53.32826317888981,0 -10.60197124903709,52.15809028582734,0 -9.077018671181705,51.71976915079452,0 2.224792792566589,50.89326365774092,0 4.306064337405587,50.71056327406772,0 6.34491476031252,50.42475654479597,0 7.196137540911806,49.78863987053094,0 8.972477668395214,49.2409725049227,0 10.80667868748673,48.75343619662997,0 12.48342458872645,48.58843200621831,0 13.537260191125,48.43338637994678,0 14.54309450621896,48.29242829011244,0 16.49176455910154,48.35863772319188,0 17.72621678983033,48.07855293255179,0 19.01568438585953,47.89261265580927,0 19.49419375056857,48.4601056090292,0 19.99634057150799,49.45642959120639,0 20.27125984792842,50.4244369080113,0 22.11081650161619,50.63431391964912,0 23.98256843158968,50.82360391291208,0 23.70675349794566,50.11801137200303,0 24.4585272695288,49.40172994248738,0 25.83447455317261,49.03930220819584,0 26.91463171653021,48.57392230522694,0 28.55403855051753,48.38524277953256,0 29.5221866033351,48.48465752507813,0 29.30950404702507,49.45912790351421,0 28.79007309686761,50.36373683048927,0 28.24766499044752,51.28742667314284,0 28.42754909665195,52.4904882298842,0 29.80426186521619,52.53790476251329,0 30.93066256527901,53.13069321086693,0 31.96932234796823,52.2854819809013,0 32.73576172935997,51.58382479937493,0 34.15969970783264,50.88934562834077,0 36.1091661198107,51.00018888806539,0 36.87679914759389,51.75422566077849,0 37.21963302046788,52.94357118451757,0 37.57627761661419,54.76808749303164,0 37.2117498077241,56.07821666778573,0 37.42590611728339,57.53667553914804,0 36.92020865064255,58.75181490193527,0 36.20926038612522,59.40849898175156,0 39.05980905355585,61.10382841450028,0 40.09372375948541,62.46857924110593,0 40.30329829547765,64.07788608983124,0 42.61650487074243,64.66236345863283,0 45.05762976015285,65.05030042293329,0 47.38981285792525,66.39887015603128,0 46.1680176744053,69.65081030977231,0 35.00278366264357,72.1814012796809,0 31.18347543098926,72.36251191111718,0 26.98768542887309,73.35220948411612,0 
						
					
				
			
			 
				 Riss
				 0
				 #msn_ylw-pushpin12
				 
					 1
					 
						 
							 
-13.65261304906371,64.05061429529791,0 -12.5231193538479,64.82446300021825,0 -12.03686109376314,65.9666566231034,0 -15.09415387077915,66.74142897608519,0 -18.15486809168412,66.70738008517895,0 -20.94347077637976,66.69205188264495,0 -24.80340532515426,66.62790208061745,0 -26.4563061732748,65.84931952503003,0 -26.59409461149802,65.31864091417204,0 -25.99763060710965,64.67592989963853,0 -24.49245002416724,63.74298811011023,0 -21.77797361605991,63.40043323443248,0 -18.3977443828927,63.17281746045496,0 -15.06893012644676,63.54927574525638,0 -13.65261304906371,64.05061429529791,0 
						
					
				
			
			 
				 Riss
				 0
				 #msn_ylw-pushpin13
				 
					 1
					 
						 
							 
4.849407933043949,46.10248182152881,0 4.835597153863446,46.07644543704581,0 4.813519759540895,46.04875839196408,0 4.818483716257347,46.0169342030912,0 4.842291850055261,45.98113625775493,0 4.837214837885057,45.94166387029349,0 4.83705533298037,45.90521126029767,0 4.867460353652362,45.87328883012724,0 4.893277771315624,45.86208603744779,0 4.885702574432571,45.84614817432018,0 4.870288781701021,45.8312098242345,0 4.85362988491849,45.81829609906758,0 4.836813519790582,45.79938613198931,0 4.818902080847721,45.7876568770733,0 4.811487984592276,45.78220008086637,0 4.80790284366536,45.76503336350089,0 4.805323531485101,45.75536295751948,0 4.795574226984357,45.75081318390691,0 4.790520059589825,45.74237174625023,0 4.782876762293597,45.73172642242498,0 4.780689592151248,45.72183677521544,0 4.777085776655753,45.71439938420496,0 4.774375117894594,45.69252903793477,0 4.775848398749943,45.67926143413871,0 4.771462993326693,45.66918574224905,0 4.770709873129192,45.66361825679768,0 4.768188763596612,45.66102402940438,0 4.767486640076228,45.65717496812999,0 4.769307083161181,45.65138785898313,0 4.766112843999821,45.64704094824794,0 4.768195473784516,45.6394682948408,0 4.77360682016193,45.63187097486925,0 4.775342261396418,45.62329300677032,0 4.778953113496385,45.61722071900339,0 4.799473008172427,45.61267490369492,0 4.801364560050672,45.60828757648192,0 4.794619576400635,45.60419300877027,0 4.789665483075467,45.59417613179826,0 4.793305899340481,45.58559717901695,0 4.796965769758374,45.57958365908133,0 4.836563356369723,45.55110681112617,0 4.877818159307509,45.53939039176303,0 4.880865213926271,45.50234747768985,0 4.89460938432201,45.48379195338451,0 4.945344608757624,45.47045074134947,0 4.987661552945596,45.46446427225389,0 5.032782133145148,45.45665878025101,0 5.078192406007233,45.45817567785008,0 5.131492139641281,45.46143769441048,0 5.160951023901916,45.47593045140141,0 5.182176420771341,45.47755463761317,0 5.197858684874163,45.46997492027602,0 5.184279096718925,45.45349931816298,0 5.165343678280195,45.43703457813216,0 5.138391307883452,45.4187647812087,0 5.12464124648217,45.40215558279024,0 5.123732798986027,45.37784505050355,0 5.133274152710243,45.34963154926184,0 5.151411252540399,45.32731228138781,0 5.203888821184748,45.31192579761282,0 5.259356053411395,45.3113626709259,0 5.309843619872311,45.32203340668902,0 5.354524049163814,45.32117286616175,0 5.391545945285785,45.3227458016793,0 5.420269208806673,45.31317169612074,0 5.430050271182708,45.2857578562172,0 5.421429647798291,45.26153268638711,0 5.410470499331396,45.24828121542205,0 5.399240944669685,45.22737326062629,0 5.382880870257253,45.21213770790121,0 5.371801176718492,45.19205075946054,0 5.365860183880443,45.16800422030471,0 5.397401058587505,45.16099871348792,0 5.4399223490135,45.17244664735316,0 5.468944289792816,45.18071804969079,0 5.498044662073099,45.1943069725058,0 5.521591358569182,45.20948491636359,0 5.532784651946415,45.23042749431836,0 5.556569611027598,45.24299281332705,0 5.581466156961653,45.23216123358355,0 5.596410328190189,45.21564565996051,0 5.623743162740497,45.19528728367291,0 5.646409605324052,45.18507829157243,0 5.637073671886839,45.16528044846646,0 5.625928715543594,45.14767753173826,0 5.615275337320995,45.13060350461917,0 5.60391366859416,45.11190979009532,0 5.602417045380108,45.0869854325707,0 5.609840484667544,45.06140648625664,0 5.657005004630578,45.0017356578643,0 5.749763650923868,44.89901864372257,0 5.917337473662329,44.77665559123439,0 6.209701262445378,44.6296138154539,0 6.477577898949647,44.46480969663801,0 6.804767534883269,44.45466996928362,0 7.23729029622733,44.42619969116499,0 7.58457966085868,44.40101059574615,0 7.824914201911369,44.66708910081831,0 7.912382028190393,44.83128063020722,0 8.319476908658999,45.6694235814735,0 9.189170322415166,45.74472168781924,0 11.10797586541418,45.55007019031515,0 12.13127493656026,45.52729495580761,0 12.89914426437255,45.7971119220445,0 13.50274122013268,45.93004813412953,0 14.42357304109794,45.8187027329797,0 14.80557926438085,45.87401462304297,0 15.83441339975356,46.22011505667041,0 16.08762375256669,46.47456793592478,0 15.95694532921247,46.83315295170501,0 14.77299518564819,47.01832285767477,0 14.1472990185319,47.13457175316201,0 13.44641685056924,47.26701015595691,0 12.45128440004173,47.44488154219053,0 11.60270505255311,47.48240624292493,0 11.25096196804515,47.46879179150184,0 10.87204080288066,47.46205215253463,0 10.56693971380237,47.44902141808289,0 10.32700368362517,47.4243889020087,0 9.425265429334601,47.37276814389659,0 8.16974669393187,47.22038669449044,0 6.704685932279588,46.97809701437827,0 5.732685569021996,46.83306043664985,0 4.930867221309981,46.49730025450415,0 4.849407933043949,46.10248182152881,0 
						
					
				
			
		
	
	 
		 Glaciers himalayens et pyrénéens
		 0
		 <body>

<p>Dossier créé par <a href="mailto:ludovic.delorme@ac-montpellier.fr">Ludovic 
DELORME</a></p>

</body>

		 
			 Cirque glaciaire
			 0
			 
				 2.189049152922806
				 42.4360998031007
				 0
				 846.3333728739057
				 1.624010417936155
				 93.56553193059747
			
			 #msn_ylw-pushpin500
			 
				 2.189049152922806,42.4360998031007,0
			
		
		 
			 Moraines et blocs erratiques
			 0
			 
				 2.180620620780587
				 42.43103441887863
				 0
				 712.4409643681933
				 1.624055065276262
				 93.55925332842932
				 relativeToGround
			
			 #msn_ylw-pushpin10
			 
				 2.180507006349174,42.43032625649241,0
			
		
		 
			 Vallée glaciaire pyrénéenne
			 0
			 
				 2.244229003206627
				 42.44407791046857
				 0
				 590.9262684763424
				 1.624063299412675
				 93.60218169933472
				 relativeToGround
			
			 #msn_ylw-pushpin200
			 
				 2.243854313011568,42.44459243831626,0
			
		
		 
			 Moraines
			 0
			 
				 2.237818196000006
				 42.45005920800001
				 476.479999999533
				 150.71
				 62.08999999999998
				 0.0216968305586577
			
			 
				 
					 0
					 
						 files/camera_mode_0.png
					
				
				 
					 check
					 
						 open closed error fetching0 fetching1 fetching2
						 http://maps.google.com/mapfiles/kml/shapes/camera-lv.png
					
					 00ffffff
					 2
				
			
			 
				 files/Moraines_glaciaires_2_0.JPG
			
			 
				 -25
				 25
				 -19.235
				 19.235
				 94.5893
			
			 
				 relativeToGround
				 2.237818196000006,42.45005920800001,476.479999999533
			
		
		 
			 Cirque glaciaire et moraines
			 0
			 
				 2.188123039000005
				 42.444049575
				 390.2799999989926
				 166.88
				 55.91
				 2.544443745170813e-014
			
			 
				 
					 0
					 
						 files/camera_mode_0.png
					
				
				 
					 check
					 
						 open closed error fetching0 fetching1 fetching2
						 http://maps.google.com/mapfiles/kml/shapes/camera-lv.png
					
					 00ffffff
					 2
				
			
			 
				 files/Moraines_cuvette_glaciaire_1_0.JPG
			
			 
				 -25
				 25
				 -19.235
				 19.235
				 99.6336
			
			 
				 relativeToGround
				 2.188123039000005,42.444049575,390.2799999989925
			
		
		 
			 Blocs striés
			 0
			 
				 2.175762520598397
				 42.43751277430398
				 266.7404517237438
				 147.053479001293
				 60.82999467251825
				 2.121429972536166e-012
			
			 
				 
					 0
					 
						 files/camera_mode_0.png
					
				
				 
					 check
					 
						 open closed error fetching0 fetching1 fetching2
						 http://maps.google.com/mapfiles/kml/shapes/camera-lv.png
					
					 00ffffff
					 2
				
			
			 
				 files/Stries_glaciaires_1_0.JPG
			
			 
				 -25
				 25
				 -19.275
				 19.275
				 91.9538
			
			 
				 relativeToGround
				 2.175762520598397,42.43751277430398,266.7404517237439
			
		
		 
			 Modelé glaciaire hymalayien
			 0
			 
				 76.9244670914255
				 35.30003879675405
				 0
				 1561.773931197087
				 54.30322319724706
				 83.81841521502652
				 relativeToGround
			
			 #msn_ylw-pushpin9
			 
				 76.92495170635169,35.29916610652256,0
			
		
		 
			 Glaciers hymalayien
			 0
			 
				 76.91066222678093
				 35.34819033840069
				 0
				 8320.97917561364
				 54.30681086462507
				 34.27307918277411
				 relativeToGround
			
			 #msn_ylw-pushpin32
			 
				 76.90276770609896,35.34125437171674,0
			
		
		 
			 Moraine latérale
			 0
			 
				 76.90753806164327
				 35.28699796076163
				 0
				 821.7784354376225
				 0
				 -0.1199473568324329
				 relativeToGround
			
			 #msn_ylw-pushpin21
			 
				 76.90788361562534,35.28667452844137,0
			
		
		 
			 Blocs morainiques hymalayiens
			 0
			 
				 76.64350586530719
				 35.38765172544444
				 0
				 426.9325039236528
				 0.009144002054766457
				 -16.88945937647326
				 relativeToGround
			
			 #msn_ylw-pushpin42
			 
				 76.64422311349213,35.38778265591488,0
			
		
	
	 
		 Les données des glaces
		 0
		 
			 Vostok
			 0
			 <p>&nbsp;</p>
<p>Les 3623 mètres de carotte de glace forés à la station         russe de Vostok, en Antarctique, sont le résultat d’une collaboration         de plus de dix ans entre la Russie, la France et les Etats-Unis (2). Le         site de Vostok est considéré comme le plus inhospitalier de         la Terre avec ses 3500 mètres d’altitude pour une température         moyenne annuelle de moins 55°C. <br />
  Les analyses de cette carotte glaciaire donnent accès à un         enregistrement de l’atmosphère continu sur les quatre derniers         cycles climatiques. Pour la première fois sur une aussi longue période,         les chercheurs ont dessiné les enregistrements simultanés         de la température, de la composition de l’atmosphère         en gaz carbonique (CO2), en méthane (CH4) et en oxygène, des         flux de poussières issues des déserts et des flux d’aérosols         émis par les embruns marins.</p>
<p align="center"><img src="http://pagesperso-orange.fr/cornuchristine/climats/files/VostokJan01pic6.jpg" width="491" height="278" /></p>

<ul>
    <li><strong>le rapport isotopique δD,          mesuré par spectrométrie de masse sur quelques millilitres          d'eau.</strong> </li>
  </ul>
  <p align="center"><a target="_blank" href="http://pagesperso-orange.fr/cornuchristine/climats/files/vostok_dD.xls">accès au fichier Excel</a> 

  <ul>
    <li><strong>les teneurs des bulles d'air en          CO2 </strong> </li>
 </ul>
 <p align="center"><a target="_blank" href="http://pagesperso-orange.fr/cornuchristine/climats/files/vostok_co2.xls">accès au fichier Excel</a>
			 
				 124.9885166147065
				 -73.15387225095427
				 0
				 356374.5113377984
				 0
				 -115.6626905928661
				 relativeToGround
			
			 #msn_snowflake_simple
			 
				 124.02953620971,-73.35022692686799,0
			
		
		 
			 Dôme C
			 0
			 Le forage en question est situé au Dôme Concordia (dôme C), à      l'est de l'antarctique à 56 km de l'ancien forage du dôme C et à 560 km du      célèbre forage de la station russe de Vostock </p>
<div>
  <p align="center"><strong>La        station du dôme C : 75°S, 142°E, 3 250 m        d'altitude. </strong></p>
  <div>
    <div align="center"><img src="http://planet-terre.ens-lyon.fr/planetterre/objets/Images/archives-climatiques/archives-climatiques-fig05.jpg/thumb?width=300" alt="La station du dôme C : 75°S, 142°E, 3 250 m d'altitude." />
    </div>
    <div>
        <p> La température moyenne annuelle du site est          -53°C. Source : Lucia Simion.</p>
    </div>
  </div>
</div>
<p>A l'aplomb du point de forage, la calotte glaciaire a une      épaisseur de 3 309±22 m, le forage actuel a permis de prélever les      3 190 premiers mètres de glace, mais seuls les 3 139 premiers mètres      ont été analysés.</p>
<p>La glace est forée à l'aide d'un carottier </p>
<p align="center">La tour de forage, pouvant      basculer de la position verticale à horizontale soutient le carottier. A chaque passe, le carottier descend au fond du trou par son      propre poids, usine la carotte. Pour cela, le tube carottier long de 3,5      mètres tourne à l'intérieur d'un tube rainuré longitudinalement de      spirales, son avancée est de 4 à 5 mm par tour. </p>
<p>Les copeaux générés par      les outils coupants remontent le long des spirales entre le tube carottier      et le tube extérieur tout en étant mélangés au fluide. Puis aidés par une      pompe, ils sont stockés dans le réservoir . En fin de forage, lorsque      le carottier est plein, il est tiré par le cable électroporteur du treuil      et remonte la carotte de glace avec les copeaux à sa surface. Les carottes sont ensuite      mesurées, répertoriées, échantillonnées et expédiées dans divers      laboratoire pour les mesures non réalisées sur place. En général, la      moitié de la carotte est archivée en cas de développements analytiques      futurs.</p>
<div>
  <p align="center"><em>Extraction        d'une carotte. </em></p>
  <div>
    <div align="center"><img src="http://planet-terre.ens-lyon.fr/planetterre/objets/Images/archives-climatiques/archives-climatiques-fig09.jpg/thumb?width=300" alt="Extraction d'une carotte." /></div>
  </div>
  <p>Le carottier est une machine autonome au fond du          trou, la tour de forage peut basculer de la position horizontale à          verticale, le treuil est muni d'un cable électroporteur. </p>
</div>
<div>
  <p align="center"><em>Schéma        du carottier. </em></p>
  <div>
    <div align="center"><img src="http://planet-terre.ens-lyon.fr/planetterre/objets/Images/archives-climatiques/archives-climatiques-fig06.jpg/thumb?width=300" alt="Schéma du carottier." /></div>
  </div>
  <div>
    <div>
        <p>Le trou est tubé pour l’étanchéité dans le névé.          Un fluide de forage de même densité que la glace est utilisé pour          contrebalancer la pression hydrostatique.(Densité de la glace: 923          kg/m3 à –53°C). </p>
    </div>
  </div>
</div>
<div>
  <p align="center"><em>Principe        du forage. </em></p>
  <div>
    <div align="center">
      <p><img src="http://planet-terre.ens-lyon.fr/planetterre/objets/Images/archives-climatiques/archives-climatiques-fig07.jpg/thumb?width=300" alt="Principe du forage." /> </p>
      <p>Source : modifié d'après          Laurent Augustin.</p>
    </div>
  </div>
  <div>
    <div>
        <p>La cabine de pilotage se situe à gauche, le          treuil avec son moteur au fond, la tour avec le carottier au centre          Une table pour l’extraction du tube carottier est au premier plan, les          tables pour la récupération des carottes à droite. </p>
        <p align="center"><em>La        tour de forage sous la tente de forage</em>. </p>
        <div>
          <div align="center"><img src="http://planet-terre.ens-lyon.fr/planetterre/objets/Images/archives-climatiques/archives-climatiques-fig08.jpg/thumb?width=300" alt="La tour de forage sous la tente de forage." /></div>
        </div>
        <p align="center">Source :          Laurent Augustin.</p>
    </div>
  </div>
</div>
<p>La carotte est extraite délicatement du          carottier. Le trou de forage a un diamètre de 129,6 mm et la carotte          un diamètre de 98 mm. En haut à droite, détail de la tête du carottier          munie de trois outils engageants en acier trempé. </p>
<div>
  <p align="center"><em>Partie        supérieure du tube carottier avec la pompe (or) et les premiers copeaux        contenus dans le réservoir. </em></p>
  <div>
    <div align="center"><img src="http://planet-terre.ens-lyon.fr/planetterre/objets/Images/archives-climatiques/archives-climatiques-fig10.jpg/thumb?width=300" alt="Partie supérieure du tube carottier avec la pompe (or) et les premiers copeaux contenus dans le réservoir." />
    Source :          Laurent Augustin.</div>
    <div></div>
  </div>
</div>
<div>
  <p align="center"><strong>  </strong><em>Stockage        des carottes de glace. </em></p>
  <div>
    <div align="center"><em><img src="http://planet-terre.ens-lyon.fr/planetterre/objets/Images/archives-climatiques/archives-climatiques-fig11.jpg/thumb?width=300" alt="Stockage des carottes de glace." /></em>


<ul>
    <li><strong>le rapport isotopique δ18O,          mesuré par spectrométrie de masse sur quelques millilitres          d'eau.</strong> </li>
  </ul>
  <p align="center"><a target="_blank" href="http://pagesperso-orange.fr/cornuchristine/climats/files/domec_o18.xls">accès au fichier Excel</a> 

  <ul>
    <li><strong>les teneurs des bulles d'air en          CO2 </strong> </li>
 </ul>
 <p align="center"><a target="_blank" href="http://pagesperso-orange.fr/cornuchristine/climats/files/domec_co2.xls">accès au fichier Excel</a>
			 
				 142.6575726748597
				 -74.67111684178985
				 0
				 419960.1546164125
				 0
				 -132.6500770090791
				 relativeToGround
			
			 #msn_snowflake_simple5
			 
				 142.7487805555556,-75.05946944444445,0
			
		
		 
			 GRIP
			 0
			 <p>Le projet               de forage <strong>GRIP</strong> est coordonné par la Fondation Européenne               de la Science et soutenu par les différents organismes nationaux               et par les Communautées Européennes. Il a pour but de               reconstituer l'évolution du climat et de l'environnement sur               plus d'un cycle climatique. Il réunit une quarantaine de scientifiques               de huit pays européens (Allemagne, Belgique, Danemark, France,               Islande, Italie, Royaume Uni et Suisse). <br />
  En France ce programme est coordonné par le LGGE, Laboratoire               de Glaciologie et Géophysique de l'Environnement (CNRS, Grenoble).               Trois laboratoires sont impliqués dans ce projet:<br />
  - le LMCE, Laboratoire de Modélisation du Climat et de l'Environnement               (CEA, Saclay), impliqué dans la mesure des isotopes de la glace               et dans la reconstitution des variations climatiques,<br />
  - le LGGE, impliqué dans la chimie atmosphérique, les               gaz à effet de serre et la physique de la glace,<br />
  - le Centre de Spectrométrie Nucléaire et de Spectrométrie               de Masse (CNRS, Orsay) pour les études liées aux isotopes               cosmogéniques.<br />
  La participation française au forage de GRIP a bénéficié               du soutien financier de l'INSU-CNRS, du MESR (Ministère de               l'Enseignement Supérieur et de la Recheche), du CEA, et de               l'IFRTP au travers du PNEDC (Programme National d'Etude de la Dynamique               du Climat) géré par l'INSU.</p>
<p align="center"><img src="http://pagesperso-orange.fr/cornuchristine/climats/files/NorthGRIP1_pt.jpg" width="250" height="187" /></p>
<p align="center">&nbsp;</p>

<ul>
    <li><strong>le rapport isotopique δ18O,          mesuré par spectrométrie de masse sur quelques millilitres          d'eau.</strong> </li>
  </ul>
  <p align="center"><a target="_blank" href="http://pagesperso-orange.fr/cornuchristine/climats/files/grip_o18.xls">accès au fichier Excel</a>
			 
				 -25.44205663592012
				 75.55870988958151
				 0
				 2543938.548857937
				 0
				 -62.099394953963
				 relativeToGround
			
			 #msn_snowflake_simple4
			 
				 -37.04293201278088,72.1008111111111,0
			
		
	
	 
		 Les données des sédiments océaniques
		 0
		 
			 Echantillons
			 0
			 1
			 
				 Base Atlantique
				 0
				 Groupements actuels de Foraminifères planctoniques dans l'Atlantique, en fonction des températures moyennes estivales et hivernales.

<a target="_blank" href="http://pagesperso-orange.fr/cornuchristine/climats/files/Base Atlantique Nord.xls">accès au fichier Excel</a>
				 
					 -18.26690105695936
					 44.68656213383662
					 0
					 4075343.766043135
					 0
					 1.820745841786306
					 relativeToGround
				
				 #msn_water3
				 
					 -35.09336365779461,40.49687288216234,0
				
			
			 
				 MD08-3179
				 0
				 
					 -29.64584370181585
					 37.08979884706947
					 0
					 714191.0978820962
					 50.38016149252744
					 117.8387293199515
					 relativeToGround
				
				 #msn_water300
				 
					 -30.28351111111111,37.8336,0
				
			
			 
				 MD08-3180
				 0
				 
					 -29.67080460846724
					 37.10031016389067
					 0
					 711770.8285948961
					 50.35764739409421
					 117.8236742345139
					 relativeToGround
				
				 #msn_water13
				 
					 -31.13335277777778,37.98360833333334,0
				
			
			 
				 MD08-3182
				 0
				 
					 -30.98886577640653
					 54.06015723457387
					 0
					 1992464.635607712
					 50.40233477037004
					 39.22406851846696
					 relativeToGround
				
				 #msn_water12
				 
					 -35.933375,52.68360833333333,0
				
			
			 
				 MD08-3185
				 0
				 
					 -35.29185828503647
					 51.84762157178142
					 0
					 1042011.291061081
					 50.40859556163426
					 35.80657768893682
					 relativeToGround
				
				 #msn_water5
				 
					 -36.80019722222222,53.18339999999999,0
				
			
			 
				 MD08-3189
				 0
				 
					 -4.596082950181318
					 67.36077720469734
					 0
					 959586.7791271518
					 59.55541771691442
					 31.06622702119664
					 relativeToGround
				
				 #msn_water01
				 
					 -4.816919444444444,67.40014166666667,0
				
			
			 
				 MD08-3194
				 0
				 
					 3.593517461704263
					 68.49511151208849
					 0
					 2042043.94215042
					 50.75858359481023
					 70.81518706484305
					 relativeToGround
				
				 #msn_water2
				 
					 7.466716666666667,66.98354166666667,0
				
			
			 
				 MD08-3200
				 0
				 
					 -5.811443828879728
					 48.49555958565455
					 0
					 1167568.434675972
					 51.19849081864746
					 56.55966763369347
					 relativeToGround
				
				 #msn_water40
				 
					 -11.86677222222222,47.88333333333334,0
				
			
			 
				 Les carottages
				 0
				 <p class="spip">Ces échantillons ont été prélevés par carottage lors d’une campagne 2008 du navire par le bateau <a href="http://www.institut-polaire.fr/ipev/infrastructures_et_moyens/le_marion_dufresne"target="_self">MARION DUFRESNE</a> de l’IPEV (Institut Paul Emile Victor).</p>
<p align="center"><img src="http://www.institut-polaire.fr/design/ipev/images/ipev.png"
Grâce à son "carottier géant" CALYPSO, le Marion Dufresne est un des seuls navires à collecter des carottes sédimentaires pouvant atteindre plus de 60 mètres de longueur.</p>

<p class="spip">Voir une <a href="http://www.institut-polaire.fr/ipev/infrastructures_et_moyens/le_marion_dufresne/video" class="spip_out">vidéo</a></p>
Pour en savoir plus&nbsp;:</i></p>

<a href="http://www.marine-marchande.net/Reportages/Marion_Dufresne/0-MarionD.htm" target="_self"">http://www.marine-marchande.net/Reportages/Marion_Dufresne/0-MarionD.htm</a></p>

<a href="http://www.institut-polaire.fr/index.php/ipev/infrastructures_et_moyens/le_marion_dufresne/installations_et_equipements" class="spip_out">http://www.institut-polaire.fr/index.php/ipev/infrastructures_et_moyens/le_marion_dufresne/installations_et_equipements</a></p>

<body>
<p align="center"><strong>Comment  prélever une carotte de sédiments&nbsp;?</strong></p>
<p><strong>Qu’est-ce que le carottage&nbsp;?</strong><br />
    <strong>Le carottage  consiste à récupérer un volume (souvent un cylindre) de sédiment en place,  c'est-à-dire en conservant l’intégrité et la position  des différentes couches qui le composent.</strong><br />
    <strong>Le principe est simple&nbsp;:  on fait entrer un tube creux dans le sédiment puis on le remonte.</strong><br />
  En pratique, le carottage nécessite des repérages préalables. <br />
  <img width="300" height="427" src="http://pagesperso-orange.fr/cornuchristine/climats/clip_image001.jpg" align="left" hspace="12" alt="calypso.jpg" />Il faut  rechercher des zones dans lesquelles l’accumulation de sédiments est  suffisante. Il faut ensuite repérer la forme du fond, car il n’est pas  parfaitement plat.<br />
  Il faut enfin estimer la dureté du sédiment&nbsp;: s’il est trop  meuble, il va se déformer lors du prélèvement et ne sera donc plus parfaitement  en place. S’il est trop dur, c’est le tube utilisé pour le carottage qui va  plier. La vitesse de prélèvement est adaptée en fonction du sédiment pour  éviter ces inconvénients.</p>
<p><strong>Comment fonctionnent les carottiers à  bord du Marion Dufresne&nbsp;?</strong></p>
<ul>
  <ul>
    <li><strong>Le Carottier Géant rond CALYPSO </strong></li>
  </ul>
</ul>
<p>Il permet d’avoir des carottes des sédiments de plus de 60m de long. Le  tube est un cylindre de 10cm de diamètre.<br />
  <p><img src="http://pagesperso-orange.fr/cornuchristine/climats/clip_image004.jpg" alt="carotte" width="169" height="259" hspace="12" align="left" />� Descente du carottier,  après sa mise à l’eau <em>(photo ci-contre,  document IPEV, photographie A.Cathala)</em></p>

Le schéma ci-contre présente ses différentes parties.<br />
  <img src="http://pagesperso-orange.fr/cornuchristine/climats/clip_image002.jpg" alt="carotte" width="300" height="427" hspace="12" align="left" />Le lest de plomb est ce  qui va pousser le tube du carottier dans le sédiment. On l’adapte en fonction  du sédiment, pour éviter les déformations.</p>
<p>Les étapes du carottage sont les suivantes&nbsp;: </p>
<p>&nbsp;</p>

<p>� Lorsque  le <em>contre poids</em> touche le fond, le <em>déclencheur</em> libère le carottier.</p>
<p>�  Poussé par le <em>lest de plomb</em>, le <em>tube du carottier</em> chute et s’enfonce  dans le sédiment</p>
<p>�  Un piston à la surface du sédiment fait remonter le tube avec le sédiment.</p>
<p>�  L’ensemble remonte ensuite en surface.</p>
<br />

<p align="center">La séquence du carottage
<p align="center"><object classid="clsid :D27CDB6E-AE6D-11cf-96B8-444553540000" codebase="http://download.macromedia.com/pub/shockwave/cabs/flash/swflash.cab#version=6,0,29,0" width="640" height="480">
 <param name="movie" value="carottage.swf">
 <param name="quality" value="high">
 <embed src="http://pagesperso-orange.fr/cornuchristine/climats/carottage.swf" quality="high" pluginspage="http://www.macromedia.com/go/getflashplayer" type="application/x-shockwave-flash" width="640" height="240"></embed></object><BR>

<center>

<p>Le carottier est  ensuite ramené sur le pont du navire pour récupérer le sédiment. </p>
<p align="center"><img src="http://pagesperso-orange.fr/cornuchristine/climats/clip_image005.jpg" alt="carotte" width="350" height="233" /><br />
    <em>Extraction d'une carotte sédimentaire,  photographie Y.Balut / IPEV </em></p>
<ul>
  <ul>
    <li><strong>Le Carottier Géant carré CASQ (0,25  m² x 12 m)</strong></li>
  </ul>
</ul>
<p><img src="http://pagesperso-orange.fr/cornuchristine/climats/clip_image007.jpg" alt="carotte" width="200" height="301" hspace="12" align="left" /><br />
    <img src="http://pagesperso-orange.fr/cornuchristine/climats/clip_image009.jpg" alt="carotte" width="223" height="262" hspace="12" align="left" /> Il est plus court que le carottier Calypso  mais il a une section plus large de 25x25 cm&nbsp;: cela permet de mieux  conserver le sédiment en place, sans déformation, au centre de la carotte. En  effet plus la section est large, plus le centre est éloigné des bords du tube  qui s’enfoncent dans le sédiment. Le CASQ s’enfonce relativement lentement, toujours  pour préserver le sédiment.</p>
<p><em>Le carottier CASQ, photographie Y.Balut /  IPEV</em></p>
<p align="right"><em>Carotte sédimentaire  dans le carottier CASQ, IPEV</em></p>
<p>&nbsp;</p>
<ul>
  <ul>
    <li><strong>Le «&nbsp;multicarottier&nbsp;»&nbsp;:</strong></li>
  </ul>
</ul>
<p>Le «&nbsp;multicarottier&nbsp;»  permet d’échantillonner la surface du sédiment, à l’interface entre le sédiment  et l’eau, donc dans un sédiment très meuble, non consolidé. Il est constitué de  quatre tubes plastiques de 50 cm de long pour une section de 10 cm. Lorsque  l’ensemble touche le fond, un déclencheur libère les tubes qui vont s’enfoncer  dans le sédiment. Lors de la remontée, des opercules referment les tubes.  L’originalité est ici d’emporter le sédiment et l’eau juste au dessus,  c'est-à-dire le sédiment meuble très récent.<br />
    <img src="http://pagesperso-orange.fr/cornuchristine/climats/clip_image011.gif" alt="carotte" width="296" height="221" />                           <img src="http://pagesperso-orange.fr/cornuchristine/climats/clip_image013.gif" alt="carotte" width="90" height="210" /><br />
    <em>Multicarottier de BCCR (Bergen) après prélèvement et  vue de l’un des tubes (photos C. Kissel)</em></p>
<p>Les carottes  sont coupées en deux dans la longueur&nbsp;: une moitié est utilisée pour  analyse, l’autre est conservée pour archive.<br />
  Il existe  ainsi plusieurs <em>carothèques</em> dans le  monde, dont une au CNRS à Gif sur Yvette.<br />
  Les carottes  sont étiquetées, emballées dans un film plastique et protégées dans un tube en  plastique.</p>
<p align="center"><img src="http://pagesperso-orange.fr/cornuchristine/climats/clip_image015.gif" alt="carotte" width="359" height="280" /><em>(photo :  R.Biville)</em></p>
<p><strong>Que fait-on avec ces carottes de  sédiments&nbsp;?</strong><br />
  Des équipes  différentes vont sur le même échantillon obtenir des données diverses et  complémentaires qui vont permettre de reconstituer les conditions du  dépôt&nbsp;: les assemblages de fossiles, les concentrations en diverses  isotopes, la nature des sédiments… On pourra retrouver la température de l’eau,  le sens du courant…</p>
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<body>
<p align="center"><strong>Forage pc12-51</strong></p>
<p align="center"><em>Comptage des Foraminifères</em></p>
<p align="center"><a href="http://pagesperso-orange.fr/cornuchristine/climats/files/12pc_bug.xls">accès au fichier Excel</a></p>
<p align="center"><em>d18O dans les carbonates</em></p>
<p align="center"><a href="http://pagesperso-orange.fr/cornuchristine/climats/files/12pc_isotope.xls">accès au fichier Excel</a></p>
</body>
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<p>&nbsp;</p>
<H2> <FONT face="book antiqua, times new roman, times" color="#660033">1. Principe 
  de la manipulation :</FONT> </H2>
<P>&nbsp; 
<TABLE BORDER="1" CELLPADDING="2" width="90%" bordercolorlight="#CC9966"
bordercolordark="#660000">
  <TR>
    <TD><!--mstheme-->
      <FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT><!--msthemelist-->
      <TABLE border="0" cellpadding="0" cellspacing="0" width="100%">

	<!--msthemelist-->
	<TR>
	  <!--msthemelist-->
	  <TD valign="top" width="100%"><!--mstheme-->
	    <FONT face="book antiqua, times new roman, times"></FONT>
	    <P align="left">
	    Les pollens et les spores sont fossilis&eacute;s successivement dans les
	    s&eacute;diments, notamment dans la tourbe. Cette tourbe se forme dans des
	    &eacute;cosyst&egrave;mes particuliers, <FONT color="#FF0000">les
	    tourbi&egrave;res</FONT>. Ils constituent des t&eacute;moins de la flore
	    et par cons&eacute;quent des conditions climatiques pass&eacute;es.&nbsp;

	    <FONT color="#FF0000">(Vue d'une tourbi&egrave;re)</FONT><!--mstheme-->
	    <!--msthemelist--> <!--msthemelist--></TD>
	</TR>
      </TABLE>
      <!--mstheme-->
      <P>
      <FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT></TD>

    <TD><!--mstheme-->
      <FONT face="book antiqua, times new roman, times"><A href="tourbier.jpg"><IMG
	  src="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/tourbier.jpg" width="100" height="67" alt="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/tourbier.jpg (2115 octets)"></A><!--mstheme--></FONT></TD>
  </TR>
  <TR>
    <TD><!--mstheme-->
      <FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT><!--msthemelist-->
      <TABLE border="0" cellpadding="0" cellspacing="0" width="100%">
	<!--msthemelist-->
	<TR>

	  <!--msthemelist-->
	  <TD valign="baseline" width="42">&nbsp;</TD>
	  <TD valign="top" width="100%"><!--mstheme-->
	    <FONT face="book antiqua, times new roman, times"><FONT color="#FF0000">Un
	    &eacute;chantillon de tourbe pr&eacute;lev&eacute; &agrave; une certaine
	    profondeur</FONT> dans une carotte peut &ecirc;tre dat&eacute; approximativement
	    en connaissant la vitesse de croissance moyenne en &eacute;paisseur de la
	    tourbi&egrave;re (5 &agrave; 10 cm par si&egrave;cle). Une datation pr&eacute;cise
	    peut &ecirc;tre obtenue par dosage du C<SUB>l4</SUB>. En effectuant un carottage
	    dans une tourbi&egrave;re, et en identifiant couche apr&egrave;s couche les
	    grains de pollen d&eacute;pos&eacute;s depuis des mill&eacute;naires, on
	    peut reconstituer l'histoire du paysage v&eacute;g&eacute;tal de la r&eacute;gion.
	    Un grain de pollen mesure en g&eacute;n&eacute;ral 20 &agrave; 30
	    microm&egrave;tres et sa physionomie permet de d&eacute;terminer l'esp&egrave;ce
	    v&eacute;g&eacute;tale &agrave; laquelle il appartient. <!--mstheme--></FONT><!--msthemelist--></TD>

	</TR>
	<TR>
	  <!--msthemelist-->
	  <TD valign="baseline" width="42">&nbsp;</TD>
	  <TD valign="top" width="100%"><!--mstheme-->
	    <FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT><!--msthemelist--><!--msthemelist--></TD>

	</TR>
      </TABLE>
      <!--mstheme-->
      <P>
      <FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT></TD>
    <TD><!--mstheme-->
      <FONT face="book antiqua, times new roman, times"></FONT>
      <P align="center">
      <A href="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/carrot.jpg"><IMG src="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/carrot.jpg" width="100" height="155" alt="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/carrot.jpg (4637 octets)"></A><!--mstheme--></TD>

  </TR>
</TABLE>
<!--mstheme-->
<H2>
  <!--mstheme-->
  <FONT face="book antiqua, times new roman, times" color="#660033">2.
  Mat&eacute;riel :<!--mstheme--></FONT></H2>
<!--mstheme-->
<P>
<FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT><!--msthemelist-->
<TABLE border="0" cellpadding="0" cellspacing="0" width="100%">
  <!--msthemelist-->
  <TR>

    <!--msthemelist-->
    <TD valign="baseline" width="42">&nbsp;</TD>
    <TD valign="top" width="100%"><!--mstheme-->
      <FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT>
      <H3>
	<!--mstheme-->
	<FONT face="book antiqua, times new roman, times" color="#996600">Carottage.
	<!--mstheme--></FONT>
      </H3>

      <!--mstheme-->
      <P>
      <FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT><!--msthemelist--><!--msthemelist--></TD>
  </TR>
</TABLE>
<!--mstheme-->
<P>
<FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT>
<TABLE BORDER="1" CELLPADDING="2" width="90%" bordercolorlight="#CC9966"
bordercolordark="#660000">
  <TR>
    <TD><!--mstheme-->

      <FONT face="book antiqua, times new roman, times"></FONT>
      <P align="left">
      <IMG src="" width="12" height="12" alt="expbul2a.gif (128 octets)">
      Le carottier est  un tube de PCV &agrave; extr&eacute;mit&eacute;
      indent&eacute;e 
    <!--mstheme--></TD>
    <TD><!--mstheme-->
      <div align="center"><FONT face="book antiqua, times new roman, times">
        <!--
      -->
        <IMG SRC="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/car_cons1.jpg" HEIGHT="182" WIDTH="262">
        <!--mstheme-->
      </FONT></div></TD>
  </TR>
</TABLE>
<!--mstheme-->
<P>
<FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT><FONT face="book antiqua, times new roman, times"></FONT>

<P align="center">
Quelques vues d'un carottier <!--mstheme-->
<TABLE BORDER="1" CELLPADDING="2" width="90%" bordercolorlight="#CC9966"
bordercolordark="#660000">
  <TR>

    <TD><!--mstheme-->
      <FONT face="book antiqua, times new roman, times"></FONT>
      <P align="center">
      &nbsp;<A href="carr_b1.jpg"><IMG src="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/carr_b1.jpg" width="100" height="155"
	  alt="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/carr_b1.jpg (4122 octets)"></A>&nbsp;<!--mstheme--></TD>
    <TD><!--mstheme-->
      <FONT face="book antiqua, times new roman, times"></FONT>
      <P align="center">
      &nbsp;<A href="carr_b2.jpg"><IMG src="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/carr_b2.jpg" width="100" height="155"
	  alt="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/carr_b2.jpg (4346 octets)"></A>&nbsp;<!--mstheme--></TD>
    <TD><!--mstheme-->

      <FONT face="book antiqua, times new roman, times"></FONT>
      <P align="center">
      <A href="carr_b3.jpg"><IMG src="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/carr_b3.jpg" width="100" height="155" alt="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/carr_b3.jpg (4612 octets)"></A>&nbsp;<!--mstheme--></TD>
  </TR>
</TABLE>
<!--mstheme-->
<P>
<FONT face="book antiqua, times new roman, times"></FONT>
<h2>
  <!--mstheme-->
  <FONT face="book antiqua, times new roman, times" color="#660033">3.
  Mode d'extraction des pollens
  <FONT color="#000000"><SMALL><SMALL>(D'apr&egrave;s Jalut, Lab. d'Ecol. Terr.
  deToulouse)</SMALL></SMALL></FONT>
  <!--mstheme-->
  </FONT>
</h2>
<!--mstheme-->

<P>
<FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT><!--msthemelist-->
<TABLE border="0" cellpadding="0" cellspacing="0" width="100%">
  <!--msthemelist-->
  <TR>
    <!--msthemelist-->
    <TD valign="baseline" width="42">&nbsp;</TD>
    <TD valign="top" width="100%"><!--mstheme-->
      <FONT face="book antiqua, times new roman, times">&nbsp;
      <!--mstheme--></FONT>

      <TABLE BORDER="1" CELLPADDING="2" width="90%" bordercolorlight="#CC9966"
      bordercolordark="#660000">
	<TR>
	  <TD><!--mstheme-->
	    <FONT face="book antiqua, times new roman, times">Pr&eacute;levez 1 &agrave;
	    2 cm3 de tourbe en diff&eacute;rents points de la carotte, <BR>
	    - num&eacute;rotez vos pr&eacute;l&egrave;vements,&nbsp; <BR>

	    - placez dans un b&eacute;cher dans KOH &agrave; 10% (4 fois le volume de
	    tourbe),&nbsp; <BR>
	    - placez pendant 15 minutes dans un bain-marie &agrave; &eacute;bullition,&nbsp;
	    <BR>
	    - filtrez sur un tamis &agrave; maille 160 mm <BR>
	    - lavez le tamis &agrave; l'eau distill&eacute;e,&nbsp; <BR>
	    - centrifugez l'ensemble du filtrat, pendant 7 minutes si vous avez une&nbsp;

	    <BR>
	    &nbsp;&nbsp; centrifugeuse permettant 1500 &agrave; 2000 tours.min-1. A
	    d&eacute;faut, augmentez&nbsp; <BR>
	    &nbsp;&nbsp; le temps de centrifugation : 20 min.&nbsp; <BR>
	    - reprenez le culot &agrave; l'eau distill&eacute;e et centrifugez &agrave;

	    nouveau (m&ecirc;me dur&eacute;e), <BR>
	    - r&eacute;p&eacute;tez cette op&eacute;ration,<!--mstheme--></FONT></TD>
	  <TD><!--mstheme-->
	    <FONT face="book antiqua, times new roman, times"><IMG SRC="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/polpujos/mont02.jpg" HEIGHT="337"
		WIDTH="276"><!--mstheme--></FONT></TD>
	</TR>

      </TABLE>
      <!--mstheme-->
      <P>
      <FONT face="book antiqua, times new roman, times"><!--mstheme--></FONT><!--msthemelist--><!--msthemelist--></TD>
  </TR>
</TABLE>
<!--mstheme-->
<P>
<FONT face="book antiqua, times new roman, times"></FONT>
<h2>
  &nbsp; <!--mstheme--> <!--msthemelist-->
  
  <FONT face="book antiqua, times new roman, times" color="#660033">4. Observation des pollens</FONT></h2>
<TABLE border="0" cellpadding="0" cellspacing="0" width="100%">
  <!--msthemelist-->
  <TR>
    <!--msthemelist-->
    <TD valign="baseline" width="42">&nbsp;</TD>
    <TD valign="top" width="100%"><!--mstheme-->
      <FONT face="book antiqua, times new roman, times">- ajoutez quelques gouttes
      de glyc&eacute;rine au culot r&eacute;siduel, <BR>
      - montez une goutte de ce culot entre lame et lamelle. Il est bon de faire
      un rail de colle araldite de part et d'autre de la lame de fa&ccedil;on &agrave;

      ce que la lamelle n'adh&egrave;re pas totalement et laisse pivoter les graines
      de pollen sous une simple pression. On peut ainsi les observer sous tous
      les plans. Les lames peuvent &ecirc;tre fix&eacute;es avec un vernis type
      vernis &agrave; ongle ou avec des r&eacute;sines &eacute;poxy.
      <!--mstheme--></FONT><!--msthemelist--><!--msthemelist--></TD>
  </TR>
</TABLE>
<!--mstheme-->
<P>
<FONT face="book antiqua, times new roman, times"></FONT>
<h2>
  <!--mstheme-->
  <!--msthemelist-->
  <FONT face="book antiqua, times new roman, times" color="#660033">4. Cl&eacute; de<font color="#F0F0F0"> <a href="http://svt.ac-bordeaux.fr/Res-Peda/Prog-Lyc/Spe-Term/Dupasse/Polchouz/Palyno/Pollens/cledeter.htm">D&eacute;termination des pollens</a></font></FONT></h2>
<P>

<H2>
  <!--mstheme-->
</H2>
</BODY></HTML>
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		 Valeurs isotopiques dans les précipitations actuelles
		 0
		 
			 Barrow, Alaska
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">-10.8</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-17.8</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
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			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">-2.8</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-12.6</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -161.7689439976043
				 60.77326700317782
				 0
				 11814.45614077779
				 0
				 2.090677189321095e-009
				 relativeToGround
			
			 #msn_rainy4
			 
				 -161.7686901897045,60.77227554339721,0
			
		
		 
			 Adak, Alaska
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">4.8</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-8.9</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -176.6215579987179
				 51.90259799788458
				 0
				 25596.00500913005
				 0
				 -3.975693351829396e-016
			
			 #msn_rainy100
			 
				 -176.6215579987179,51.90259799788457,0
			
		
		 
			 Mould Bay, Canada
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">-16.5</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-27</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -119.3333269993398
				 76.23332999988786
				 0
				 2307.034656693195
				 0
				 -3.180554681463517e-015
			
			 #msn_rainy9
			 
				 -119.3333269993398,76.23332999988786,0
			
		
		 
			 Hall Beach, Canada
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">-13.2</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-25.6</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -81.1999999999412
				 68.76666700022645
				 0
				 1000.000430640874
				 0
				 1.749305074804934e-014
			
			 #msn_rainy20
			 
				 -81.1999999999412,68.76666700022645,0
			
		
		 
			 Pond Inlet, Canada
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">-16.1</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-28.9</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -77.96640020893771
				 72.6846079731265
				 0
				 1048.177254644213
				 0
				 -4.267074621056452e-008
			
			 #msn_rainy7
			 
				 -77.96640020893771,72.6846079731265,0
			
		
		 
			 TRURO. NOVA SCOTIA, CANADA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">6.6</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-9.3</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -63.27984599536119
				 45.36495899390663
				 0
				 12395.59327169817
				 0
				 -3.180554681463517e-015
			
			 #msn_rainy60
			 
				 -63.27984599536119,45.36495899390663,0
			
		
		 
			 Alert, Canada
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">-17.3</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-30.8</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -62.3639147016397
				 82.43519924477575
				 0
				 14535.72103719522
				 0
				 -0.1129301936136972
				 relativeToGround
			
			 #msn_rainy10
			 
				 -62.38256347406346,82.41738983245911,0
			
		
		 
			 SIMCOE, ONTARIO, CANADA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">8.6</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-10.2</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -80.3047629995275
				 42.83599400079881
				 0
				 3495.214224052956
				 0
				 1.669791207768346e-014
			
			 #msn_rainy50
			 
				 -80.3047629995275,42.83599400079881,0
			
		
		 
			 OTTAWA, ONTARIO, CANADA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">5.8</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-11.5</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -80.28029679489593
				 42.82306064932031
				 0
				 3494.19455193154
				 0
				 0.01662968160875947
			
			 #msn_rainy80
			 
				 -75.67932222222223,45.51115833333333,0
			
		
		 
			 SAINTE AGATHE, QUEBEC, CANADA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">4</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-12.7</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -74.28027500111874
				 46.04765999783269
				 0
				 10754.24549898902
				 0
				 -1.749305074804934e-014
			
			 #msn_rainy40
			 
				 -74.28027500111874,46.04765999783269,0
			
		
		 
			 La Barbade
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">26.5</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-1</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -59.49089865717153
				 13.07472584370785
				 0
				 11935.54333765147
				 0
				 -11.78253576760657
			
			 #msn_rainy11
			 
				 -59.49089865717153,13.07472584370785,0
			
		
		 
			 HOWARD AFB, PANAMA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">26.9</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-4.4</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -79.57045000048873
				 8.940175499228529
				 0
				 7523.004434935496
				 0
				 -7.596098867272558e-011
				 relativeToGround
			
			 #msn_rainy15
			 
				 -79.59293184759926,8.925129585276663,0
			
		
		 
			 SAN SALVADOR, EL SALVADOR
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">23.5</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-6.1</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -89.20733000050589
				 13.70341599841491
				 0
				 17849.38470085372
				 0
				 -2.186631343506168e-015
			
			 #msn_rainy5
			 
				 -89.20733000050589,13.70341599841491,0
			
		
		 
			 République dominicaine
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">26.8</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-6.8</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -61.33090643446635
				 15.38392560568928
				 0
				 59208.44643884797
				 0
				 0.0105857084207153
			
			 #msn_rainy1
			 
				 -61.33090643446635,15.38392560568927,0
			
		
		 
			 Bermudes
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">21.4</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-3.4</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -64.75736999729824
				 32.32138399918382
				 0
				 19755.87631574481
				 0
				 1.272221872585407e-014
			
			 #msn_rainy6
			 
				 -64.75736999729824,32.32138399918382,0
			
		
		 
			 VERA CRUZ, MEXIQUE
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">25.9</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-2.7</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -96.13326899961028
				 19.17271700248452
				 0
				 13116.93580873253
				 0
				 -9.939233379573489e-015
			
			 #msn_rainy13
			 
				 -96.13326899961028,19.17271700248452,0
			
		
		 
			 CHIHUAHUA, MEXIQUE
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">20.5</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-6.6</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -106.0487099811182
				 28.62196792739053
				 0
				 188933.3694933876
				 0
				 -1.590277340731758e-015
			
			 #msn_rainy8
			 
				 -106.0487099811182,28.62196792739053,0
			
		
		 
			 CHICAGO, ILLINOIS, USA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">10.4</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-7</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -87.62433299926838
				 41.87953498638208
				 0
				 49617.9756963812
				 0
				 -1.570398873972611e-014
			
			 #msn_rainy12
			 
				 -87.62433299926838,41.87953498638208,0
			
		
		 
			 SANTA MARIA, CALIFORNIA, USA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">12.2</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-4.2</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -120.4359260020366
				 34.92089099582098
				 0
				 14137.49329454524
				 0
				 -3.180554681463517e-015
			
			 #msn_rainy3
			 
				 -120.4359260020366,34.92089099582098,0
			
		
		 
			 FLAGSTAFF, ARIZONA, USA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">6.8</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-7.8</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -111.6513199992592
				 35.19817700542281
				 0
				 21547.01852648197
				 0
				 -1.749305074804934e-014
			
			 #msn_rainy
			 
				 -111.6513199992592,35.19817700542281,0
			
		
		 
			 WACO, TEXAS, USA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">19.1</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-3.8</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -97.11909699475935
				 31.55237300383794
				 0
				 31239.46394015514
				 0
				 -7.95138670365879e-015
			
			 #msn_rainy2
			 
				 -97.11909699475935,31.55237300383794,0
			
		
		 
			 MAYO, YUKON, USA
			 0
			 <p align="center">&nbsp;</p>
  <div align="center">
    <table border="1" cellpadding="0" cellspacing="0" bordercolor="#000000">
      <col width="228" />
      <col width="137" />
      <tr height="17">
        <td height="17" width="228"><div align="center"><strong>Moyennes    pluriannuelles des températures de l'air en °C</strong></div></td>
        <td width="137"><div align="center"><strong>Moyennes pluriannuelles du delta18O (pour 1000)</strong></div></td>
      </tr>


      <tr height="17">
        <td height="17" align="right" bgcolor="#999999"><div align="center">-2.1</div></td>
        <td align="right" bgcolor="#999999"><div align="center">-22.3</div></td>
      </tr>
      </table>
  </div>
  <p align="center">&nbsp;</p>
			 
				 -135.8883949983377
				 63.60216800286245
				 0
				 6063.158832662254
				 0
				 6.361109362927034e-015
			
			 #msn_rainy14
			 
				 -135.8883949983377,63.60216800286244,0
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<tr align="center"><td colspan="2"><hr /><font size="6"><b>Arctic Sea Ice Minimum</b></font><br />
<font size="5"><b>September 1979-2008</b></font></td></tr>
	

        <tr align="left"><td colspan="2">
<p>Sea ice extent is a measurement of the area of ocean where there is at least some sea ice. Usually, scientists define a threshold of minimum concentration to mark where the ice ends; the most common cutoff is at 15 percent. Scientists use the 15 percent cutoff because it provides the most consistent agreement between satellite and ground observations.  Scientists tend to focus on Arctic sea ice extent more closely than other aspects of sea ice because satellites measure extent more accurately than they do other measurements, such as thickness. </p>
        
<p>The Arctic sea ice minimum marks the day, each year, when the sea ice extent is at its lowest. The sea ice minimum occurs at the end of the summer melting season.  The summer melt season usually begins in March and ends sometime during September.  The average sea ice extent for September of each year, starting with 1979, is shown.  Three of the last seven years (2002, 2005 and 2007) have seen record minimums in Arctic sea ice extent. 
</p>
  <p>The Arctic sea ice minimum is coincident with the Antarctic sea ice maximum. </p>      
<p>Use the timeline tool to view the sea ice time series animation.  We recommend unselecting all other time series data while viewing this time series.  For help using the timeline tool see <a href="http://nsidc.org/data/virtual_globes/timelines.html">Virtual Globes: Google Earth Timelines</a>.</p>     

<tr align="center"><td colspan="2"><hr /></td></tr>

<tr align="left"><td colspan="1", valign="top">
<font size="5" color="#34637E"><b>See Also: </b></font>
</td><td colspan="1", align="left">
<a href="http://nsidc.org/news/press/2007_seaiceminimum/20070810_faq.html">Frequently Asked Questions</a> <br>
<a href="http://nsidc.org/sotc/sea_ice.html">State of the Cryosphere</a> <br> 
<a href="http://nsidc.org/cgi-bin/words/glossary.pl">Cryosphere Glossary</a><br>
<a href="http://nsidc.org/seaice/">All About Sea Ice</a><br> 
<a href="http://nsidc.org/data/seaice_index/">Sea Ice Index</a><br> 
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						 <table border="0" cellspacing="2" width="473" align="center">
<tr align="center"><td colspan="2">
<a href="http://nsidc.org"><img src="files/banner_nsidc_geinfo_473_45_0.jpg" width="473" height="45" /></a></td></tr>

<tr align="center"><td colspan="2"><hr />
<font size="6"><b>Arctic Sea Ice Maximum</b></font><br />
<font size="5"><b>March 1979-2008</b></font></td></tr>
	
<tr align="left"><td colspan="2"><p>Sea ice extent is a measurement of the area of ocean where there is at least some sea ice. Usually, scientists define a threshold of minimum concentration to mark where the ice ends; the most common cutoff is at 15 percent. Scientists use the 15 percent cutoff because it provides the most consistent agreement between satellite and ground observations.  Scientists tend to focus on Arctic sea ice extent more closely than other aspects of sea ice because satellites measure extent more accurately than they do other measurements, such as thickness. </p>

<p>The Arctic sea ice maximum marks the day of the year when the sea ice covers the largest area of the Arctic. The sea ice maximum occurs at the end of the winter cold season.  The winter cold season usually begins in September and ends in March. Monitoring winter sea ice is also important to understanding the state of the sea ice. Scientists have found that Arctic sea ice has been recovering less in the winter, meaning the sea ice is already "weak" when the summer melting season arrives. A possible cause is that the underlying ocean is warmer. </p>

<p>The Arctic sea ice maximum is coincident with the Antarctic sea ice minimum. </p>

<p>Use the timeline tool to view the sea ice time series animation.  We recommend unselecting all other time series data while viewing this time series.  For help using the timeline tool see <a href="http://nsidc.org/data/virtual_globes/timelines.html">Virtual Globes: Google Earth Timelines</a>.</p>  
   
<tr align="center"><td colspan="2"><hr /></td></tr>

<tr align="left"><td colspan="1", valign="top">
<font size="5" color="#34637E"><b>See Also: </b></font>
</td><td colspan="1", align="left">
<a href="http://nsidc.org/news/press/2007_seaiceminimum/20070810_faq.html">Frequently Asked Questions</a> <br>
<a href="http://nsidc.org/sotc/sea_ice.html">State of the Cryosphere</a> <br> 
<a href="http://nsidc.org/cgi-bin/words/glossary.pl">Cryosphere Glossary</a><br>
<a href="http://nsidc.org/seaice/">All About Sea Ice</a><br> 
<a href="http://nsidc.org/data/seaice_index/">Sea Ice Index</a><br> 


</td></tr>
</table>
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			 Climate Change in Our World
			 0
			 Click the "Climate Change in Our World" title to find out more about how we produced these files.
Press the play button to see climate change impacts over time.
			 <table width="600" cellpadding="5" cellspacing="0">
<tr><td align="center">
  <font color="#031F73" size="+2">
  <strong>Climate Change in Our World</strong>
  </font>
  </td>
</tr>  
  <tr>
    <td>
      <font color="#031F73" size="+2">
        <strong>What we know</strong>
      </font>
      <p>The scientific and economic evidence is clear; climate change is happening and it is probably the greatest single challenge facing the world today.</p>
      <p>Rising sea levels, heatwaves, droughts and flooding will affect people's health and well-being, and could cause the loss of many species of plants and animals.</p>
      <p>Communities across the world, particularly the poor and vulnerable, already suffer from weather-related disasters.  World-wide scientific consensus tells us that the effects of climate change will continue to increase.   We need to act now to limit emissions if we are to reduce the impacts and adapt to future levels of climate change.</p>
      <p>
        <strong>Climate Change in our World</strong> presents you with two animations showing examples of past, present and future impacts of weather, climate and global temperature change.</p>
      <p>The 
          <a href="http://www.metoffice.gov.uk/research/hadleycentre/index.html">
          Met Office Hadley Centre
        </a>
        has produced an animation showing a projection of global temperature levels from 2000 to 2100 using their Global Environmental Model.</p>
      <p>Slide the time-scale bar to see the world get hotter as you move through the decades (more orange/red colours).  Click on the logos to find out more about how people are already being affected by weather-related recent events, or to see predicted climate change impacts in different parts of the world between now and 2100.</p>
      <p>The British Antarctic Survey has produced an <a href="http://earth.google.com/outreach/kml_entry.html#tClimate%20Change%20In%20Our%20World%20Antarctica">animation</a> showing the
retreat of Antarctic Peninsula ice shelves over time.  Seven floating ice shelves have collapsed in the past 50 years.</p>
      <p>There are two ways to look at this map - view an animation of Antarctic Peninsula ice shelf loss over the last 50 years or follow the push pin icons to view movies and read the stories behind the headlines.</p>
      <font color="#031F73" size="+2">
        <strong>What can we do?</strong>
      </font>
      <p>The international community, governments, business and individuals all have vital roles to play in reducing greenhouse gas emissions.</p>
      <p>Global action is needed to help prevent dangerous climate change by reducing emissions and building cleaner, low carbon economies.  It is also essential in order to help us prepare for the impacts that climate change will bring.</p>
      <p>Below are some examples of the action already being taken, and links to further information, from the international arena down to our individual actions.</p>
      <p>It is not too late to act, in fact there are very real grounds for optimism.  Taking action now can have a huge impact on the rise in global temperatures in the future, as well as making good economic sense.</p>
      <table bgcolor="#ccff33">
        <tr>
          <td>
            <font color="#031F73" size="+1">
              <strong>International Action</strong>
            </font>
            <p>The United Nations Framework Convention on Climate Change (UNFCCC), is an international treaty that sets a framework for international action on climate change.  At the UNFCCC conference in Bali last year, virtually every country in the world came together to launch negotiations on a new international agreement on tackling climate change.  They set a deadline for agreement by the end of 2009.  For more information go to: <a href="http://unfccc.int">http://unfccc.int</a>
            </p>
            <p>The <strong>Intergovernmental Panel on Climate Change (IPCC)</strong> provides the most comprehensive and authoritative source of material on climate change involving the participation of thousands of scientists from around the world and a long and open review process. More information on the IPCC and its publications can be found at <a href="http://www.ipcc.ch">www.ipcc.ch</a>. </p>
            <font color="#031F73" size="+1">
              <strong>EU Action</strong>
            </font>
            <p>The European Union has set an ambitious target for greenhouse gas emissions reductions in the medium and long term - 20% reductions on 1990 levels by 2020, and 30% as part of a global deal.  A comprehensive package of action to achieve this across the EU is now in the process of being agreed.  For more information see 
<a href="http://europa.eu/pol/env/index_en.htm">http://europa.eu/pol/env/index_en.htm</a>.</p>
            <font color="#031F73" size="+1">
              <strong>UK Action</strong>
            </font>
            <p>The Climate Change Bill, currently going through Parliament, will make the UK the first country in the world to have a long-term legally binding framework for reducing greenhouse gas emissions - by at least 60% by 2050, and at least 26% by 2020.</p>
            <p>To meet these targets the UK Government is putting in place a range of measures to reduce emissions across industry and households.  But more remains to be done.
      <a href="http://www.defra.gov.uk/environment/climatechange/uk/">http://www.defra.gov.uk/environment/climatechange/uk/</a>
            </p>
          </td>
        </tr>
      </table>
      <font color="#031F73" size="+1">
        <strong>What can businesses do?</strong>
      </font>
      <p>Climate change offers real opportunities for business.  Low carbon technologies offer new markets and jobs and greater energy efficiency can increase competitiveness.</p>
      <p>The following links provide further information:
<br />
        <a href="http://www.defra.gov.uk/environment/climatechange/uk/business"> http://www.defra.gov.uk/environment/climatechange/uk/business</a>
        <br />
        <a href="http://www.metoffice.gov.uk/consulting/">http://www.metoffice.gov.uk/consulting</a>
        <br />
        <a href="http://www.carbontrust.co.uk">www.carbontrust.co.uk</a>
      </p>
      <font color="#031F73" size="+1">
        <strong>What can I do?</strong>
      </font>
      <p>The actions we take as individuals account for over 40% of UK emissions, so there are huge opportunities for all of us to affect the future of climate change by reducing the 'carbon footprint' of  our homes, the products and services we buy, and our transport.</p>
      <p>To calculate your carbon footprint and for tips on how to reduce it click here: <a href="http://actonco2.direct.gov.uk/index.html">http://actonco2.direct.gov.uk/index.html</a>
      </p>
      <p>Or you can ring the Act on CO2 advice line on 0800 512012 for practical, personalised advice on reducing energy use in the home and saving money.</p>
      <font color="#031F73" size="+1">
        <strong>Adapting to Climate Change</strong>
      </font>
      <p>You can also visit the <a href="http://www.ukcip.org.uk">Climate Impacts Programme website</a> to find out more about the potential impacts of climate change in the UK and how it might adapt.</p>
      <font color="#031F73" size="+2">
        <strong>What we don't know</strong>
      </font>
      <p>While major advances have been made over the last 20 years in the development and use of climate models, no computer model can predict the future exactly due to the large number of uncertainties involved.</p>
      <p>You will see present day human impact case studies provided by the Department for International Development alongside examples of possible future impacts caused by changes in weather patterns and climate based on projections by the Met Office Hadley Centre.</p>
      <p>The pop-ups in this animation are intended to be illustrative of the range and nature of climate change impacts globally, rather than representing precise and exhaustive impacts at particular locations and times.</p>
      <p>It should be noted that not all the pop-up boxes represent climate change impacts as projected under a medium greenhouse gas emissions scenario; therefore the climate impacts may not match exactly with the temperature changes shown in the animation.</p>
      <font color="#031F73" size="+2">
        <strong>Who's worked on this</strong>
      </font>
      <p>This animation is the result of a collaboration by <a href="http://www.metoffice.gov.uk/research/hadleycentre/">Met&nbsp;Office&nbsp;Hadley&nbsp;Centre</a>, the <a href="http://www.antarctica.ac.uk">British Antarctic Survey</a>, 
      <a href="http://www.defra.gov.uk/">Department&nbsp;for&nbsp;Environment,&nbsp;Food&nbsp;and&nbsp;Rural&nbsp;Affairs</a>,  <a href="http://www.dfid.gov.uk/">Department&nbsp;for&nbsp;International&nbsp;Development</a> and 
      <a href="http://www.environment-agency.gov.uk/">Environment&nbsp;Agency</a>
      </p>
    </td>
  </tr>
  <tr>
    <td>
         <table width="600">
          <tr><td>
                  <a href="http://www.metoffice.gov.uk/research/hadleycentre/index.html" target="_blank">
                    <img src="http://www.metoffice.gov.uk/lib/images/google/MOH_Master_B.jpg" alt="logo"  height="66" />
                  </a>
                </td>
                <td>
                  <a href="http://www.defra.gov.uk" target="_blank">
                    <img src="http://www.metoffice.gov.uk/lib/images/google/defra.gif" alt="logo" height="66" />
                  </a>
                </td>
                <td>
                  <a href="http://www.antarctica.ac.uk" target="_blank">
                    <img src="http://www.metoffice.gov.uk/lib/images/google/BAS_colour_1.png" alt="logo" height="66" />
                  </a>
                </td>
                      </tr>
             </table>
                
      </td>
  </tr>
  <tr>
    <td><hr />
    In association with:
    </td>
  </tr>
  <tr>
    <td>
    <table>
              <tr>
                <td>
                  <a href="http://www.dfid.gov.uk" target="_blank">
                    <img src="http://www.metoffice.gov.uk/lib/images/google/dfidlogo.gif" alt="logo" />
                  </a>
                </td>
                <td>
                  <a href="http://www.environment-agency.gov.uk/">
                    <img src="http://www.metoffice.gov.uk/lib/images/google/EA_logo.jpg" alt="logo" height="50" />
                  </a>
                </td>
              </tr>
            </table>
    </td>
  </tr>
  <tr>
    <td>
    <hr/>
      <table width="600">
        <tr>
          <td align="center" valign="bottom">
                          <a href="http://www.metoffice.gov.uk/corporate/legal/index.html#copyright" target="_blank">&copy; Crown copyright</a>
  &nbsp;&nbsp;
  <a href="http://www.metoffice.gov.uk/index.html" target="_blank">www.metoffice.gov.uk</a>
                     </td>
        </tr>
      </table>
    </td>
  </tr>
</table>
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/ADAM.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">July 2008<br>
          Adam LeWinter</p>
          <p class="style4">Adam is Extreme Ice Survey field operations manager. While camped at Greenland’s Ilulissat Glacier in May 2008, Adam, along with EIS team member Jeff Orlowski, witnessed the largest calving event ever captured on film. Adam’s degree in engineering from the University of Colorado at Boulder was put to good use during the design of the first EIS time-lapse camera systems. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6">Grinnell Glacier, Montana</td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          
          
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/MT01_2.jpg" width="400" height="597" /></td>
          </tr>
        </table>
          <span class="style5">We left the car before sunrise, slowly climbing up out of the valley, above tree line, into the heart of Glacier National Park. Together with a crew from the U.S. Geological Survey, we were making the first revisit to the EIS cameras at Grinnell Glacier. Because the area is known for winds equivalent to Class 4 hurricanes (140 mph or more), heavy snowfall, and loose rock, we were anxious to see how the cameras fared over one year.          </span>
          <p class="style5">Grinnell feeds a glacial lake that began to form in the 1930s as the glacier receded. Since 1910, it has lost approximately 90% of its mass, while the lake has grown to be 190 feet deep.</p>
          <p class="style5">Eight miles into the hike, my heart sank. We found the Grinnell camera hanging from the power cable, the tripod head support broken in half by a falling rock. We had gotten only one month of shooting before the camera failed—a severe disappointment. </p>
          <p><span class="style5">After a few moments of hanging our heads, it was time to bring the Grinnell camera back to life. I replaced all the electronics, including battery, timer, and the solar panel charge controller. I removed the broken tripod head, and cannibalized my tripod to make a replacement. Once the camera had been returned to working order, we began the long walk down, reaching the car well after dark. </span><br />
          </p></td>
        </tr>
    </table>      
    <p></td>
  </tr>
</table>
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					 May 2007 - Columbia Glacier, Alaska, Cliff Camera - James Balog
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/james.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">May 2007<br>
          James Balog</p>
          <p class="style4">Internationally acclaimed photographer James Balog is the founder and director of the Extreme Ice Survey. A former mountain guide with a graduate degree in geomorphology, James is equally at home on a Himalayan peak or a whitewater river, the African savannah or polar icecaps. James lives on a Rocky Mountain ridge top high above Boulder, Colorado with his wife Suzanne, and daughters Simone and Emily. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6">Columbia Glacier, Alaska, Cliff Camera</td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><object width="400" height="225"><param name="allowfullscreen" value="true" /><param name="allowscriptaccess" value="always" /><param name="movie" value="http://vimeo.com/moogaloop.swf?clip_id=2637842&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" /><embed src="http://vimeo.com/moogaloop.swf?clip_id=2637842&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" type="application/x-shockwave-flash" allowfullscreen="true" allowscriptaccess="always" width="400" height="225"></embed></object></td>
          </tr>
        </table>
          <span class="style5">Tad Pfeffer and I really paid our dues bolting this camera  to the side of a cliff one miserable day in May 2007. Cold rain, air temp maybe  35 degrees the whole time. Even with industrial-weight fishing slickers on you  get drenched to the skin. You can’t wear gloves when you’re trying to handle  wires and nuts and bolts, so your hands turn into beet-red blobs of freezing  hamburger meat. But what a perspective, what a story this camera is giving us!  It’s in the right place, at the right time, at a decisive moment in the history  of Columbia Glacier.&nbsp;          </span>
          <p class="style5">&nbsp;</p></td>
        </tr>
      <tr>
        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/AK03_1.jpg" width="620" height="349" /></td>
          </tr>

        </table></td>
      </tr>
    </table>      
    <p></td>
  </tr>
</table>
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					 June 2008 - Columbia Glacier, Alaska, Cliff Camera - Tad Pfeffer
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/Tad-Pfeffer.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">June 2008<br>
          Tad Pfeffer</p>
          <p class="style4">Dr. Pfeffer is a glaciologist at the Institute of Arctic and Alpine Research (INSTAAR) and professor of civil, environmental, and architectural engineering at the University of Colorado at Boulder. His research areas include the mechanics and dynamics of glaciers and heat and mass transfer in snow. He has worked on glaciers for 30 years and has done fieldwork on Alaska’s Columbia Glacier for two decades. Tad is also active in photography and photogrammetry of glaciers and landscapes, using imagery for both description and analysis of glacier changes. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6">Columbia Glacier, Alaska, Cliff Camera</td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><object width="400" height="225"><param name="allowfullscreen" value="true" /><param name="allowscriptaccess" value="always" /><param name="movie" value="http://vimeo.com/moogaloop.swf?clip_id=2637842&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" /><embed src="http://vimeo.com/moogaloop.swf?clip_id=2637842&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" type="application/x-shockwave-flash" allowfullscreen="true" allowscriptaccess="always" width="400" height="225"></embed></object></td>
          </tr>
        </table>
          <span class="style5">So much of what we know about the vital transitional zone where the world’s glaciers meet the sea, we learned here first. From the first written account of icebergs calving into Columbia Bay by Joseph Whidbey more than 200 years ago to the U.S. Geological Survey’s epic study of Columbia’s retreat begun 30 years ago and continued today by our research group, Columbia Glacier has yielded more data and a better understanding of glacier dynamics than any other site on Earth.          </span>
          <p class="style5">It was here that an earlier generation of glaciologists tested the idea that glaciers like Columbia could enter unstable dynamic states, which would cause them to dump vast amounts of ice into the ocean. Now that tidewater glaciers in Greenland appear to be entering a similar state of instability, those decades of experience at Columbia provide a clue as to just how fast we may see the Greenland ice retreat.</p>
          <p class="style5">Just 22 years ago, Columbia Glacier was 1,300 feet higher than it is today. To put that in perspective, the glacier has lost the equivalent in height of the Empire State Building and has retreated 10 miles since 1984. </p></td>
        </tr>
      <tr>
        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><div align="center"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/AK03_2.jpg" width="620" height="415" /></div></td>
          </tr>


        </table></td>
      </tr>
    </table>      
    <p></td>
  </tr>
</table>
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/ADAM.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">June 2008<br>
          Adam LeWinter</p>
          <p class="style4">Adam is Extreme Ice Survey field operations manager. While camped at Greenland’s Ilulissat Glacier in May 2008, Adam, along with EIS team member Jeff Orlowski, witnessed the largest calving event ever captured on film. Adam’s degree in engineering from the University of Colorado at Boulder was put to good use during the design of the first EIS time-lapse camera systems. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6">Columbia Glacier, Alaska, Kadin Camera</td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><object width="400" height="225"><param name="allowfullscreen" value="true" /><param name="allowscriptaccess" value="always" /><param name="movie" value="http://vimeo.com/moogaloop.swf?clip_id=2637775&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" /><embed src="http://vimeo.com/moogaloop.swf?clip_id=2637775&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" type="application/x-shockwave-flash" allowfullscreen="true" allowscriptaccess="always" width="400" height="225"></embed></object></td>
          </tr>
        </table>
          <span class="style5">In April 2008, I traveled via helicopter to check on how the cameras at Columbia Glacier had held up during the winter. Columbia Glacier is an important site for EIS. When we reviewed our first set of images, the team noticed that the whole glacier was bobbing up and down with the change of tide! Now buoyant and ungrounded, the glacier is much more likely to continue to lose mass.          </span>
          <p class="style5">We knew snow burials of the cameras were a serious possibility in a place infamous for receiving dozens of feet of snow in a single winter. I arrived at the site of the Kadin camera on the west side of Columbia to find a perfect and uninterrupted mountain of snow—and no camera in sight.</p>
          <p class="style5">Returning in June of 2008, Jim and I found the Kadin camera just peeking out of five feet of snow. The power of the snow was astounding; quarter-inch aluminum plates had been snapped in half, rock bolts were torn from the bedrock, and steel cables were hanging loose from the bent aluminum frame. Amazingly enough, the Nikon D200 camera functioned perfectly fine when powered, so we installed the system 20 feet up a vertical cliff, with a new aluminum mount, hoping it wouldn’t get buried again. We’ll see . . .</td>
        </tr>
      <tr>
        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><div align="center"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/AK01_1.jpg" width="620" height="412" /></div></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/AK01_2.jpg" alt="" width="620" height="412" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/AK01_3.jpg" alt="" width="620" height="410" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/AK01_4.jpg" alt="" width="620" height="415" /></td>
          </tr>
          
        </table></td>
      </tr>
    </table>      
    <p></td>
  </tr>
</table>
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/JEFF.png" width="159" height="159"></td>
        <td valign="top"><p class="style3">July 2007<br>
          Jeff Orlowski</p>
          <p class="style4">An accomplished photographer, filmmaker and pianist, Jeff came to Boulder and the Extreme Ice Survey from Stanford University. As director of post-production, Jeff creates the dramatic time-lapse sequences that are the center point of the EIS project. He is also the cinematographer on much of the footage of the EIS team on location in Alaska, Iceland and Greenland.</p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6"><p><strong>Mendenhall Glacier, Alaska</strong></p></td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><object width="400" height="225"><param name="allowfullscreen" value="true" /><param name="allowscriptaccess" value="always" /><param name="movie" value="http://vimeo.com/moogaloop.swf?clip_id=2637977&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" /><embed src="http://vimeo.com/moogaloop.swf?clip_id=2637977&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" type="application/x-shockwave-flash" allowfullscreen="true" allowscriptaccess="always" width="400" height="225"></embed></object></td>
          </tr>
        </table>
          <span class="style5">Jim and I visited our cameras at Mendenhall in July 2007. The Mendenhall Glacier is one of the most popular glaciers in the world, with a beautiful visitor’s center that overlooks the glacier. It was supposed to be a quick and simple trip—canoe out to the cameras, swap out a memory card, and head back. The weather was great, with temperatures in the low 40s, and it was the last day of a long trip in Alaska. We got to the cameras very quickly, and everything was working perfectly. We had more than 1,400 pictures, which captured a lot of change in the glacier.          </span>
          <p class="style5">We were about to head back when James remembered that he needed to take a repeat shot of a photo he took the year prior and hopped into the canoe. I was filming him from a large, grounded iceberg surrounded by a bunch of small icebergs. I was looking for the best vantage point and stepped out onto a small block of floating ice to get the shot. But I slipped off. It all happened in slow motion . . . one foot was firmly rooted on the ice . . . the other was sinking into the icy-cold water. I had the video camera in my hands and knew I had to do something fast. I managed to pass the camera into my left hand, then reached out and just barely managed to nestle the camera on terra firma milliseconds  before I went in up to my neck. </p>
          <p class="style5">The trip back to the motel was long and cold —but the camera was fine.</p></td>
        </tr>
    </table>      
    </td>
  </tr>
</table>
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/james.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">August 11, 2008<br>
          James Balog</p>
          <p class="style4">Internationally acclaimed photographer James Balog is the founder and director of the Extreme Ice Survey. A former mountain guide with a graduate degree in geomorphology, James is equally at home on a Himalayan peak or a whitewater river, the African savannah or polar icecaps. James lives on a Rocky Mountain ridge top high above Boulder, Colorado with his wife Suzanne, and daughters Simone and Emily. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6">Chacaltaya Glacier, Bolivia</td>
      </tr>
      <tr>
        <td><table width="350" border="0" align="left" cellpadding="5" cellspacing="0">
          
          
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/BOL_1.jpg" width="350" height="227" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/BOL_2.jpg" width="350" height="227" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/BOL_3.jpg" width="350" height="227" /></td>
          </tr>
        </table>
          <span class="style5">All along the Andes, from Ecuador  to Peru to Bolivia and south into Chile and Argentina, the landscape is  changing hugely. The glaciers are losing a yard (or a meter) of thickness every  year. In so many big alpine cirques you see, from the patterns of vegetation  and lichens, that places that were recently covered with ice are now just  bone-dry basins.          </span>
          <p class="style5">At 17,000 feet, our EIS camera  casts its impersonal eye on a sorry last scrap of a glacier in a little cirque  above La Paz, Bolivia. A “real” glacier as recently as the 1970s it’ll probably  be gone by the summer of 2009, and if not then, by 2010. Who cares? Why does it  matter? Because the people on both the west and east slopes of the Andes count  on ice and snowfields to store the water they use for agriculture and drinking  water. If there’s no ice, there’s no long-lived, gently released supply of  melting water—something that matters to people who live in places like China, Southeast  Asia, India, and Pakistan as well as in the Andes. It’ll be a much more  complicated world when these glaciers are gone. </p>          </td>
        </tr>
    </table>      
    <p></td>
  </tr>
</table>
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  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/james.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">December 1, 2008<br>
          James Balog</p>
          <p class="style4">Internationally acclaimed photographer James Balog is the founder and director of the Extreme Ice Survey. A former mountain guide with a graduate degree in geomorphology, James is equally at home on a Himalayan peak or a whitewater river, the African savannah or polar icecaps. James lives on a Rocky Mountain ridge top high above Boulder, Colorado with his wife Suzanne, and daughters Simone and Emily. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6"><p><strong>Sólheimajökull,  Iceland</strong></p></td>
      </tr>
      <tr>
        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/IL_SOL_1.jpg" width="620" height="283" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/IL_SOL_2.jpg" width="620" height="277" /></td>
          </tr>
        </table>
          <p class="style5">Solheim is my first love, the  place where I first understood what climate change means to glaciers; the place  where I first understood, in visual terms, how the dying terminus of a glacier could  be visually fascinating; the one glacier I’ve come back to the most (seven  trips to Iceland and at least 25 hikes into the glacier—and the work isn’t done  yet) to make a photographic record of how this planet of ours is changing. In  just one melt season we saw the ice retreat 245 feet; over a decade the glacier  has retreated more than a third of a mile. In the triptych from 2005, I felt so  strongly that these weird forms the ice had taken were humanoid. They spoke to  me of time . . . of aging . . . of the mortal end that will come to all of  us.&nbsp;</p>          
          </td>
        </tr>
    </table>      
    <p></td>
  </tr>
</table>
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/ADAM.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">April 2008<br>
          Adam LeWinter</p>
          <p class="style4">Adam is Extreme Ice Survey field operations manager. While camped at Greenland’s Ilulissat Glacier in May 2008, Adam, along with EIS team member Jeff Orlowski, witnessed the largest calving event ever captured on film. Adam’s degree in engineering from the University of Colorado at Boulder was put to good use during the design of the first EIS time-lapse camera systems. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6"><strong>Sólheimajökull,  Iceland,</strong> <strong>IL-5 Camera</strong></td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><object width="400" height="225"><param name="allowfullscreen" value="true" /><param name="allowscriptaccess" value="always" /><param name="movie" value="http://vimeo.com/moogaloop.swf?clip_id=2638066&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" /><embed src="http://vimeo.com/moogaloop.swf?clip_id=2638066&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" type="application/x-shockwave-flash" allowfullscreen="true" allowscriptaccess="always" width="400" height="225"></embed></object></td>
          </tr>
        </table>
          <span class="style5">High up on a mossy and grass-covered rock tower overlooking  the Sólheimajökull Glacier sits the IL-5 EIS camera.          </span>
          <p class="style5">Iceland field assistant Svavar Jonatansson and I hiked  through fresh snow to reach the camera. The whole camera box and tripod head,  we discovered, had slowly been rotating on the wooden support frame bolted to  the lava bedrock. Driving two wood screws into the frame ended the rotation,  making life much easier for Jeff Orlowski and the time-lapse editing team. </p>
          <p class="style5">Sólheimajökull has been rapidly retreating the past few years,  enough so that two of the cameras aimed at this stream of ice had to be  repositioned to keep the glacier in frame. Not only is the ice melting, but  strong melt streams, draining off snowfields high on the Mýrdalsjökull volcano,  undercut and erode the glacier.</p></td>
        </tr>
      <tr>
        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><div align="center"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/IL05_1.jpg" width="469" height="700" /></div></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/IL05_2.jpg" width="620" height="416" /></td>
          </tr>
          
        </table></td>
      </tr>
    </table>      
    <p></td>
  </tr>
</table>
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  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/ADAM.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">April 2008<br>
          Adam LeWinter</p>
          <p class="style4">Adam is Extreme Ice Survey field operations manager. While camped at Greenland’s Ilulissat Glacier in May 2008, Adam, along with EIS team member Jeff Orlowski, witnessed the largest calving event ever captured on film. Adam’s degree in engineering from the University of Colorado at Boulder was put to good use during the design of the first EIS time-lapse camera systems. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6"><strong>Sólheimajökull,  Iceland,</strong> <strong>IL-1 Camera</strong></td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><object width="400" height="225"><param name="allowfullscreen" value="true" /><param name="allowscriptaccess" value="always" /><param name="movie" value="http://vimeo.com/moogaloop.swf?clip_id=2638020&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" /><embed src="http://vimeo.com/moogaloop.swf?clip_id=2638020&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" type="application/x-shockwave-flash" allowfullscreen="true" allowscriptaccess="always" width="400" height="225"></embed></object></td>
          </tr>
        </table>
          <span class="style5">Since the beginning of the Extreme Ice Survey, we have been  prepared for damage to our camera systems due to the forces of nature. These  setups are out there in extremely harsh environments, with brutal winds,  frequent rock and snow slides, blizzards, subzero temperatures, and torrential  rain. However, the original engineering and configurations have held up so well  that it came as a surprise when our Icelandic field assistant, Svavar  Jonatansson, called us on his cell phone from a windy lava plain to tell us  that this camera had been destroyed by a rockfall.          </span>
          <p class="style5">This camera and its perspective are enormously important to  the project, having provided us with some amazing images. So within a week of  Svav’s call, I flew from Colorado to Iceland. Together, we journeyed to Solheim  and mounted a new camera package on an aluminum support with some additional  protective covering. Once again, EIS has full coverage of the spectacular and  dynamic Sólheimajökull Glacier. </p>
          <p class="style5">P.S. Though the housing had been really mangled by the  rocks, the Nikon camera inside was still working!</p></td>
        </tr>
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        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/IL01_1.jpg" width="620" height="630" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/IL01_2.jpg" width="620" height="416" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/IL01_3.jpg" width="620" height="416" /></td>
          </tr>
        </table></td>
      </tr>
    </table>      
    <p></td>
  </tr>
</table>
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  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/james.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">September 16, 2008<br>
          James Balog</p>
          <p class="style4">Internationally acclaimed photographer James Balog is the founder and director of the Extreme Ice Survey. A former mountain guide with a graduate degree in geomorphology, James is equally at home on a Himalayan peak or a whitewater river, the African savannah or polar icecaps. James lives on a Rocky Mountain ridge top high above Boulder, Colorado with his wife Suzanne, and daughters Simone and Emily. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6"><p><strong>Trient Glacier, the  Alps, Switzerland</strong></p></td>
      </tr>
      <tr>
        <td><p class="style5">I’ve always thought of the Alps as being glaciated. But the  ice there is retreating really quickly because of changing temperature and  precipitation patterns.&nbsp;Tongues of ice are in the process of melting,  breaking apart, and pulling back upslope. Swiss scientists expect the vast  majority of the ice there to have vanished by the end of the century—my God,  what a change in reality that will be! </p>
          <span class="style5">The Trient, which I skied down, through 70 cm of  beautiful powder snow, on a winter day in the mid-1990s, is a shrunken relic of  its former self. Fifty percent of the total mass of Alpine glaciers has melted  away since 1850, with half of that loss occurring since the 1970s. It’s thinned  at least 30 meters in the past few decades alone . . . Good-bye, glaciers</span></td>
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        </table></td>
      </tr>
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    <p></td>
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      <tr>
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        <td valign="top"><p class="style3">May 2008<br>
          Adam LeWinter</p>
          <p class="style4">Adam is Extreme Ice Survey field operations manager. While camped at Greenland’s Ilulissat Glacier in May 2008, Adam, along with EIS team member Jeff Orlowski, witnessed the largest calving event ever captured on film. Adam’s degree in engineering from the University of Colorado at Boulder was put to good use during the design of the first EIS time-lapse camera systems. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6"><strong>Ilulissat Glacier, Greenland</strong> <strong>IL-5 Camera</strong></td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><object width="400" height="225"><param name="allowfullscreen" value="true" /><param name="allowscriptaccess" value="always" /><param name="movie" value="http://vimeo.com/moogaloop.swf?clip_id=2638151&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" /><embed src="http://vimeo.com/moogaloop.swf?clip_id=2638151&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" type="application/x-shockwave-flash" allowfullscreen="true" allowscriptaccess="always" width="400" height="225"></embed></object></td>
          </tr>
        </table>
          <span class="style5">For a month in 2008, Jeff Orlowski and I kept a 24-hour  watch on two glaciers in Greenland: Ilulissat and Store. We were waiting for  the massive calving events that occur at the beginning of the melt season, the equivalent  of glaciers shedding their winter coats. Using HD video cameras and time-lapse  still photography, we worked in shifts to keep batteries charged and memory cards  clear, and at times struggled to keep our tents from blowing away.          </span>
          <p class="style5">We were six days into our watch at Ilulissat and the only  thing to happen worth mentioning was that two of our tents were destroyed in  70+ mph winds, leaving us cramped for space and fearful that our remaining two  were not long for this world. During a scheduled satellite phone call with  James Balog back in Boulder, Jeff heard, and saw, the first piece of collapsing  ice that indicated some kind of event. Immediately I told James I’d have to  call him back.</p>
          <p class="style5">A 75-minute explosion ensued. Spires of ice 3,000 feet tall  shot up out of the fjord and tumbled into a maelstrom of churning, newly freed  icebergs. At one point, the whole south section of the glacier, more than three  miles wide, broke off nearly 1,000 feet upstream and rolled into the ocean. We  had four HD video cameras running, five time-lapse cameras shooting, and four  eyes witnessing a phenomenon in complete awe and disbelief. </p></td>
        </tr>
      <tr>
        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><div align="center"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL05_1.jpg" width="620" height="412" /></div></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL05_2.jpg" alt="" width="620" height="415" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL05_4.jpg" alt="" width="620" height="415" /></td>
          </tr>
          
        </table></td>
      </tr>
    </table>      
    <p></td>
  </tr>
</table>
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/JEFF.png" width="159" height="159"></td>
        <td valign="top"><p class="style3">May 2008<br>
          Jeff Orlowski</p>
          <p class="style4">An accomplished photographer, filmmaker and pianist, Jeff came to Boulder and the Extreme Ice Survey from Stanford University. As director of post-production, Jeff creates the dramatic time-lapse sequences that are the center point of the EIS project. He is also the cinematographer on much of the footage of the EIS team on location in Alaska, Iceland and Greenland.</p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6"><strong>Ilulissat Glacier, Greenland,</strong> <strong>IL-5 Camera</strong></td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><object width="400" height="225"><param name="allowfullscreen" value="true" /><param name="allowscriptaccess" value="always" /><param name="movie" value="http://vimeo.com/moogaloop.swf?clip_id=2638151&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" /><embed src="http://vimeo.com/moogaloop.swf?clip_id=2638151&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" type="application/x-shockwave-flash" allowfullscreen="true" allowscriptaccess="always" width="400" height="225"></embed></object></td>
          </tr>
        </table>
          <span class="style5">Adam LeWinter and I spent more than three weeks camping  in Greenland, hoping to capture a huge calving event on video. After 10 days at  Store Glacier, we moved to the Ilulissat Glacier, the most productive glacier  in the Northern Hemisphere.&nbsp;It flows at the rate of 130 feet every day and  puts more ice into the global ocean than all the other Northern Hemisphere  glaciers combined. </span>
          <p class="style5">Camp  at the Ilulissat Glacier is a bit bleak. Aside from a few water sources, the  only features on the landscape are rocks, rocks, and more rocks. No plants. No  wildlife. Just rocks and ice. &nbsp;</p>
          <p class="style5">Adam  and I maintained a 24-hour vigil, working in eight-hour shifts—we’d be up for eight  hours together around dinnertime, then one of us would sleep for eight hours,  then we’d switch. We had nine cameras with us. We had a few cameras running  24/7—some video, some time lapse. The others were on standby, with fresh tapes  and batteries, ready to go at a moment’s notice. &nbsp;</p>
          <p class="style5">After  six days without any change in the glacier, we called James Balog on the  satellite phone. “No, nothing yet . . . There’s a huge peninsula here, but it’s  been pretty boring so far . . . Uh, wait. Something’s moving. We’ll call you  back.” It was during that phone call that we witnessed the start of the largest  calving event that’s ever been filmed. &nbsp;</p>
          <p class="style5">The  calving continued for 75 minutes and constituted a full mile of retreat on the  glacier: 1.8 cubic miles of ice broke off, the equivalent of 3,000 U.S. Capitol  Buildings.&nbsp;It was a massive, historic event, and we captured the entire  thing in high definition. Adam and I turned to each other in complete  disbelief: “I guess we can go home now.” </p></td>
        </tr>
      <tr>
        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><div align="center"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL05_1.jpg" width="620" height="412" /></div></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL05_2.jpg" alt="" width="620" height="415" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL05_4.jpg" alt="" width="620" height="415" /></td>
          </tr>
          
        </table></td>
      </tr>
    </table>      
    <p></td>
  </tr>
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/james.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">November 11, 2008<br>
          James Balog</p>
          <p class="style4">Internationally acclaimed photographer James Balog is the founder and director of the Extreme Ice Survey. A former mountain guide with a graduate degree in geomorphology, James is equally at home on a Himalayan peak or a whitewater river, the African savannah or polar icecaps. James lives on a Rocky Mountain ridge top high above Boulder, Colorado with his wife Suzanne, and daughters Simone and Emily. </p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6"><p><strong>Sermeq Avananardleq,  Greenland</strong></p></td>
      </tr>
      <tr>
        <td><p class="style5">The local Greenlanders have nicknamed this the “Dead”  glacier, because for decades it just sat in the same position, sloughing off a  few icebergs but generally not doing much.<br />
          Yet it started slowly pulling back a few years ago. Our EIS  cameras are catching a small, steady retreat, with the ice seeming to thin in  the kilometer or so right behind the terminus, which probably indicates more  retreat to come.  </p>
          <p class="style5">I love this site, because we’re on the ridge, on the side of  the glacier, and it’s so high that  we  get a gorgeous view down onto ice and the fjord. It is an absolutely fantastic  site for a summer camping trip, especially when the fog banks come rolling in  from Disko Bay, sliding up the surface of the ice while we perch high above,  watching, waiting</p>          </td>
        </tr>
      <tr>
        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL02_1.jpg" width="620" height="411" /></td>
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          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL02_2.jpg" width="620" height="413" /></td>
          </tr>
          <tr>
            <td valign="top"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL02_3.jpg" width="620" height="415" /></td>
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        </table></td>
      </tr>
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  </tr>
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      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/james.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">November 2008<br>
          James Balog</p>
          <p class="style4">Internationally acclaimed photographer James Balog is the founder and director of the Extreme Ice Survey. A former mountain guide with a graduate degree in geomorphology, James is equally at home on a Himalayan peak or a whitewater river, the African savannah or polar icecaps. James lives on a Rocky Mountain ridge top high above Boulder, Colorado with his wife Suzanne, and daughters Simone and Emily. </p></td>
      </tr>
    </table></td>
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      <tr>
        <td class="style6"><strong>Rink Glacier, Greenland</strong><strong></strong></td>
      </tr>
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          </tr>
        </table>
          <span class="style5">This glacier has been a huge surprise. Glaciers aren’t supposed to change all that much in the winter, but our cameras are showing Rink to be active all winter long. Immense ice islands, some the size of dozens of city blocks, break off en masse. They eventually must beat their way down through the fjord after spring breakup, but with all the frozen sea ice holding the glacier terminus back, it’s hard to understand how and why they break off at all during the winter.          </span>          <p class="style5">Finding the Rink camera, even when you’re flying close to the ground, is really tricky. It blends in with the rocks—plus, the GPS coordinates don’t lock it in tightly. We’ve burned up a lot of helo time trying to return to pick up the images. Worse yet, one helicopter pilot found the nearby terrain so steep he couldn’t land close enough to the camera. The place he wanted to land was so far away that by the time we got to the camera, serviced it, hiked back and returned to our base, we would have been caught by darkness in the dangerous, rugged mountains of Alfred Wegener land. So all the expense of flying there that time was wasted. Things like that are really frustrating—but on another flight half a year later, we finally picked up our pictures.</p></td>
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        <td valign="top"><p class="style3">June 2007<br>
          Jeff Orlowski</p>
          <p class="style4">An accomplished photographer, filmmaker and pianist, Jeff came to Boulder and the Extreme Ice Survey from Stanford University. As director of post-production, Jeff creates the dramatic time-lapse sequences that are the center point of the EIS project. He is also the cinematographer on much of the footage of the EIS team on location in Alaska, Iceland and Greenland.</p></td>
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          <tr>
            <td valign="top"><object width="400" height="225"><param name="allowfullscreen" value="true" /><param name="allowscriptaccess" value="always" /><param name="movie" value="http://vimeo.com/moogaloop.swf?clip_id=2638166&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" /><embed src="http://vimeo.com/moogaloop.swf?clip_id=2638166&amp;server=vimeo.com&amp;show_title=1&amp;show_byline=1&amp;show_portrait=0&amp;color=&amp;fullscreen=1" type="application/x-shockwave-flash" allowfullscreen="true" allowscriptaccess="always" width="400" height="225"></embed></object></td>
          </tr>
        </table>
          <span class="style5">In June 2007, we arrived by helicopter, expecting to spend about 45 minutes setting up a time-lapse camera. As we flew in, we noticed a huge peninsula of ice sticking out from the glacier. It looked unnatural—glaciers like to maintain a smooth, even arc across the calving face. We knew this peninsula would break off, but there was no way of telling when.          </span>
          <p class="style5">So before we started our camera installation, I took our Panasonic HVX200, set it up on a tripod, and set it to record a continuous loop. This camera has the ability to use its solid-state memory cards and record forever until the user stops the recording—and the camera will save the last hour of record time. So I turned it on and went to help James and Jason with the time-lapse installation.</p>
          <p class="style5">I was walking back from the helicopter with some gear when I heard James and Jason shouting, “Jeff!!! JEFF!!! Get the camera running! The ice is breaking up!” I ran back to see this massive piece of ice—about five football fields long—rolling away from the glacier. It was like watching the Titanic sink. It was absolutely breathtaking to witness glacial change of this scale. People don’t normally see glaciers change like this, ever. And the best part was that James didn’t even know the camera was running the whole time. But it was, and we got some amazing video. <br />
          </p>
        </tr>
      <tr>
        <td><table width="630" border="0" cellpadding="5" cellspacing="0">
          <tr>
            <td valign="top"><div align="center"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/GL07_1.jpg" width="620" height="415" /></div></td>
          </tr>

          
        </table></td>
      </tr>
    </table>      
    <p></td>
  </tr>
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<table width="650" border="0" cellpadding="0" cellspacing="0" bgcolor="#5A5F63">
  <tr>
    <td>
	
	<table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td width="150"><img src="http://www.extremeicesurvey.org/GoogleEarthImages/james.png" width="150" height="150"></td>
        <td valign="top"><p class="style3">July 2008<br>
          James Balog</p>
          <p class="style4">Internationally acclaimed photographer James Balog is the founder and director of the Extreme Ice Survey. A former mountain guide with a graduate degree in geomorphology, James is equally at home on a Himalayan peak or a whitewater river, the African savannah or polar icecaps. James lives on a Rocky Mountain ridge top high above Boulder, Colorado with his wife Suzanne, and daughters Simone and Emily.</p></td>
      </tr>
    </table></td>
  </tr>
  <tr>
    <td><table width="650" border="0" cellspacing="0" cellpadding="10">
      <tr>
        <td class="style6"><strong>Umiamako Glacier, Greenland</strong><strong></strong></td>
      </tr>
      <tr>
        <td><table width="400" border="0" align="left" cellpadding="5" cellspacing="0">
          <tr>
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          </tr>
        </table>
          <span class="style5">We call this one Umi. If you look at the maps and sat photos of the west Greenland fjords, Umiamako is an odd duck, in that it is flowing much, much further down its fjord than any of the surrounding glaciers are flowing down theirs. It has retreated two miles or so since 2000, but there might well be a lot more to go.          </span>          <p class="style5">I really love the perspective this camera is giving us. It’s on a mountainside that I’ll bet has hardly, if ever, felt a human footstep before ours.</p></td>
        </tr>
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